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METHODS OF PRODUCNG ANTt-ANO.OCENIC PROTHNS: ENDOSTATIN, ANCOSTa™ OR RESTIN, US.NG A 
PICHIA YEAST EXPRESSION SYSTEM 



RELATED APPLICATIONS 

This application claims priority to application 60/067.888. filed December 8, 
5 1997, 60/082,663, filed April 22, 1998, and 60/108,536, filed November 16, 1998, 
the entire teachings of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The prognosis for metastatic cancer remains highly unfavorable. Despite 
advances m radiation therapy and chemotherapy, the long term survival of treated 
1 0 patients has shown only marginal improvement over the past few decades. The lack 
of significant treatment options available for metastatic cancers emphasizes the need 
to focus on the development of novel therapeutic strategies. In this regard, targeting 
tumor vasculature of solid tumors has recently shown promising results m several 
animal model systems (Baillie et al. (1995 , Br. J Cancer 72:257-07; BicknelL R. 
1 5 (1 994-, Ann. Oncol. 5 (Suppl.) 4:45-50; Fan et al. (1995) Trends Pharmacol Scr. 
16:57-66; Thorpe, P.E. and Burrows. F.J. (1995) Breast Cancer Res. Treat. 
,6037-51:Bunows,F.J. and Thorpe,P.E. (1994) Ptomflco/. Ther. 64:155-74). In 
a nude mouse model, for instance, introduction of a wild type VHL gene inio 786-0 
cells, a RCC tumor cell line, inhibited tumor growth illiopoulos et al. (1995) ^at. 
?0 Med. 1:822-26) and angiogenesis. 

The growth of solid tumors beyond a few mm 3 depends on the formation of 
new blood vessels (Folkman, J. (1971) N. Engl. J. Med. 285:1 1 82-86). Numerous 
studies have shown that both primary tumor and metastatic growth are 
aneio.enesis-dependent (Folkman, J. (1971) N. Engl. J. Med. 285:1 182-86; 
05 Folkman, J. (1972) Ann. Surg. 175:409-16; Folkman, J. and Shing, Y. (1992) J. Biol 
Chem. 267:10931-34: Folkman, J. (1996) ScL Am. 275:150-54). A number of 
anrioeenesis inhibitors have been identified. Certain ones, such as platelet factor-4 
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fMaione a al. i. 1990.: Science 2-~:"-~ 7 9: Gupta ci al \ ;99:'i Proc. \a:l Acad. Set 
<'USA ; c; 2:"°^-"803 i. interferon . interferon-inducible protein- and ?EX 
( Angioiilio e: al (1995) J. Exp. Med 182:; 55-61: Stricter et a I t' 1 995 ) Bwchem. 
Bicpnys. Res. Commun. 210:51-57; Brooks ei ci. (1998) Cell 92:391-400). are not 
5 "associated with tumors." whereas two others, angiostatin and endostatim are 

"tumor-associated" (O'Reilly e: al. (1994) Cell 79:315-28: O'Reilly ei al. ( 1 997; Cell 
8S:27~-S5 \. Angiostatin. a potent endogenous inhibitor of angiogenesis generated 
by tumor-infiltrating macrophages that upregulate matrix metailoelastasc (Dong ei 
al (1997) Cell 88:801-10 ;. inhibits the growth of a wide variety of primary and 

10 metastatic tumors (Lannuu: et al. (1997 ) Cancer Res. 57:5277-80; O'Reilly el al 

(1994) Cold Spring Harh. Symp Quant. Biol. 59:471-82: O'Reilly, M.S., (1997 ) Exs. 
79 273-94; Sim ei al (1997) Cancer Res. 57:1329-34; Wu ei al (1997) Bwchem. 
Biophys. Res. Commun. 236:651-54). Recently, O'Reilly, et al. ((1997) Cell 
88 277-85 ) have isolated endostatin. an angiogenesis inhibitor from a murine 

15 hemangioendothelioma cell line (EOMA). Circulating levels of a fragment of 
human endostatin have been detected in patients with chronic renal insufficiency 
with no detectable tumor (Wu et al (1997) Biochem. Biopkys. Res. Commun. 
236:651-54). 

The amino terminal sequence of endostatin corresponds to the carboxy 
20 terminal portion of collagen XVIII. Endostatin is a specific inhibitor of endothelial 
proliferation and angiogenesis. Systemic administration of non-refolded precipitated 
protein expressed in Escherichia coll caused growth regression of Lewis lung 
carcinoma, T241 fibrosarcoma, BI6 melanoma and EOMA cells (O'Reilly et al 
(1 997 1 Cell 88:277-85)in a xenograft model. Moreover, no drug resistance was 
25 noted in three of the tumor types studied. Repeated cycles of administration with 
endostatin have been reported to result in tumor dormancy (Boehm et al ( 1 997) 
Nature 390:404-407). 

The results from these angiostatin and endostatin studies open new avenues 
for treatment of cancer and provide promising routes for overcoming the drug 
30 resistance often seen during chemotherapy. However, in all of these investigations, 
a non-refolded precipitated form of the inhibitor protein was administered in the 
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form of a suspension to tumor bcarmg animals. In addition, large amoums oi protein 
w-re required ,o cause rumor regression and t o lead ,o tumor dormancy. As pointed 
our bv Kerbel (,1997, Na.ure 390:335-36, oral dru 8 equiva.=nts of these pro.eins 
ar. needed Mechanic investigations could be undertaken if recombinant forms o, 
, these protem, were avar.able insoluble form. Moreover, mhial testing could be 
done in vuro with soluble protein before studying its efficacy under m « 
conditions. 

Furthermore, there have been reports that despite the great prom.se held by 
rhes- orceins, evaluation of the,r clinical potential ,s stymied due to difficulties ,„ 
, 0 producn, enough of the proteni to test, and inconsistent res, resuhs regarding then 
, lt ,.a,,r„ C =n,c proper,,, e.g.. ant,-ang,ogen,c act,v„y (King, R.T., Wall Street .... 
Pa „e i"nov. 1 2, 1 99 8 );Uffe,D.N.BioWorldTodav.9 ;1 ,Oc,.20(1998),. There 
cle* exists a, the present time a great need for a producible method of producng 
solubie forms of androgenic proteins whh sufficient b.ologrcal activity to be 
! 5 clinically effective and to reliably produce these proteins in high yields Without 
sacrificing such critical activity, 

SUMMARY OF THE INVENTION 

TV present invention relates to the discovery of a reproducible method of 
product* anti-angiogenic proteins with biological activily sufficient to be clmically 
o 0 effective As described herein, the anti-angiogenic proteins encompassed by the 
present methods are reproducibly produced in high yields (for example from 10 to 
20 mg/l.,er of culture medium. Importantly, the anti-angiogemc proteins produced 
by the methods described herein retain high biological activity. 

Anti-an«ioge,„c proteins are well-known ,o ,hose of skill in the art. For 
,5 example, aneiostatin. endostatin, the 16 kD prolactin fragment, RNArsn, TNP470. 
.-methoxv estradiol and heparin, to name a few. As used herein, the term 
■anti-angioeemc protemls)" encompass no, only intact proteins, but mutants (e.g., 
with amino acid residues added, deleted or altered,, fragments (e.g., specific* «,tn 
ammo acids deleted), derivatives .e.g., modified proteins or peptides, for example to 
30 reduce protease degradanon, and fusion proteins wherein the fusion proteins 
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ccmpnse a combination of two or more known aiu;-a;igiogenic proteins (e.g.. 
angiostatin and endostatm, or biologically active fragments of angiostatm and 
endostatin^ or an anti-angiogenic protein in combination with a targeting asient <e.:i.. 
endostatin with epidermal growth factor ("EOF) or RGD peptides), or an 
5 anti-angiogenic protein in combination with an immunoglobulin molecule (e.g.. 
endostatin and IgG. specifically with the Yc portion removed,). The term "fusion 
protein' 1 as used herein can aiso encompass additional components for e.g., 
delivering a chemotherapeutic agent wherein a polynucleotide encoding the 
chemotherapeutic agent is linked to the polynucleotide encoding the anti-angiogenic 

1 0 protein. Fusion proteins can aiso encompass multimcrs of the anti-angiogenic 
protein, e.g., a dimer or turner of endostatin. 

It is also to be recognized that any of the anti-angiogenic proteins described 
herein can be post-translationally modified to encompass targeting moieties ('e.g., 
vascular endothelial growth factor < VEGF) or chemotherapeutic agents, such as 

1 5 ricin, or radioisotopes. Additional post-translational modifications can include 

multimerization. e.g., by chemical cross-linking using techniques well-know to those 
of skill in the an. However, for brevity, the term "anti-angiogenic protein 7 ' is used 
herein without specifically referring to mutant, derivatives, fragments and fusion 
proteins, 

20 Encompassed by the present invention are methods of producing a 

biologically active anti-angiogenic protein, or a biologically active mutant, fragment, 
derivative or fusion protein thereof, using a prokaryotic or eukaryotic expression 
system. Specifically encompassed is the use of a yeast expression system, more 
specifically the Pichia pastores yeast expression system. 

25 The method steps involve inserting an isolated polynucleotide comprising a 

polynucleotide sequence encoding an anti-angiogenic protein, or mutant or 
derivative or fragment or fusion protein thereof, into a suitable expression vector 
e.g., prokaryotic or eukaryotic. Specifically encompassed by the present invention 
are yeast expression vectors. Suitable yeast expression vectors are well-known to 

30 those of skill in the art. A particularly suitable expression vector for use in the 

methods described herein is the commercially available Pichia vector comprising a 
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pPICzftA plasmrd where. * pi«mM contams a muh.ple clontng s,,e The 
olvnucleottde ^ of oogenic P-nrs »e • i» * * - 

' , am.-att.togenic pro.ertr sequences, as weil as m»« sequences of known 



nove 
anti-an 



weenie prcneins a, also described herein, and i„ U.S. pate, application, 
- ,-ssv X7 'XVX XXX. "Restin and Methods of Use Thereot." by \ikas F. 

3 , o , or,« and U S S N • XX/XXX.XXX, " Anti-Angiogenic 
Sukhatme, filed December 8, 19^8 and L.b.b 

, , r i Thpreo'* " bv Vikas P. Sukhatme, tiled December b, 
Peptides ar.d Methods ol Use Thereo,. d> 

xm the teachings of wh.ch a,, herem n,c„,po,a,ed by reference. Insen.ng the 
sekcIe d polynucleotide sequence into ,he vector is routrne ,„ those of sk.ll. and rs 

1 0 also described herein. 

After rnsenm, the selected polynucleotide tnto the vector, the vector ts 
tra „sformed ,„to an appropriate yeast strarn and the yeas, srrarn is cuLured (e, 
matntatned, under suitabie cuhuve condmons fo, the production of the ctologrcalK 
active am-angrogenrc pro.em, thereby ptoduang a biologically acfve 
, 5 a„,i-ana,o S emc protet, or mutant, derivative, fragment or fuston protetn t ereoX 
Typicauv the ami-angtogentc pro.etns are produced in ouantifes of aoou, ,0-.0 
ntilliorams. or more, per liter of culture fluid. _ 
ln „„e emboctmen, the iso,ated polynuc.eot.de encodtng the a„t,-angtogen,c 
protern add.uonally composes a polynucleotrde inther encodtng a pepude. Such 
2 „ lirto rs are ,o« to those of slctll ,„ the an and, for exantoie, the l.n.er car, 

comp r,se a, >east one add.trona! eodon encodmg a, teas, one addthonaUmmo ^ 
Tvprcallv the linker composes one ,o about twenty or thrrty ammo acds. Typ,ca,ly 
the linker ,s attached to the 5' end of the poiynucleotidc encodtng the 
a nt,ana,o a e„,c protetn, bu, can also be attached to „te 3' end. The poKnucleottd. 
23 linker I ttansiated, as ,s the po,ynue,eo,ide encooing the anti-angtogen.c protetn 
result™ in the egression of an antt-angrogentc protein with a, ieas, one add,™ 
ammo a'cid residue a, the ammo or carboxyl — of the anh-angtogentc prowrn. 
For example, as desenbed heretn, tdte ant.-ang.ogen.c protein, endostatm ,s 
expresseo using the methods desenbed herein with two addtttonal aanmo acd 
, 0 rK ,dnes 5' to endostarin. (See Figure 5, These W o add.nona. anuno ac.d res.dues 
« Mutam.c acd ,E, and phiny.alan.ne (F). Add.uonaUy, o,h=r am.no aetd restdues 
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can comprise the ant;-antiogenie protein (See Figure 5 and 25. t. Importantly, the 
additional amine acid, or amino acids, do not compromise the actiwtv of the 
anti-angiogenic protein. In fact, the anti-angiogenic proteins produced by the 
methods described herein exhibit superior biological activity to anti-angiogenic 
5 proteins produced by other expression methods. Typicaliw the concentrations of 
anti-angiogenic proteins produced in this embodiment are about 10-20 milligrams 
per liter of culture medium. 

In another embodiment of the present invention, the eukarvotic vector 
comprises a yeast vector comprising a histadme tag motif. As described herein, one 

10 method uses a pPICzcxA plasmid wherein the piasmid contains a multiple cloning 
site which contains a His. Tag motif (also referred to herein as pPICZaA/IIIS. r 
Additionally the vector can be modified to add a Ndc\ site, or other suitable 
restriction sites. Such sites are wen known to those of skill in the art. 
Anti-angiogenic proteins produced by this embodiment comprise a histidine tae, 

15 motif (His. tag) comprising one. or more histadme, typically about 5-20 histamines. 
Surprisingly, this His. tag does not compromise anti-angiogenic activity. In fact, the 
anti-angiogenic proteins produced by the methods described herein exhibit superior 
biological activity to anti-angiogenic proteins produced by other expression 
methods. Again, the biologically active protein is typically produced at 

20 concentrations of about 10-20 milligrams per liter of culture medium (fluid). 

Combinations of the above embodiments are also encompassed by the 
present invention. For example, the selected polynucleotide can comprise a linker 
and be inserted into a vector comprising his, Tag motif. (See Figure 5 and 25). 

Also encompassed by the present invention are the anti-angiogenic proteins 

25 produced by the methods described herein, Surprisingly, the proteins produced by 
the methods described herein are produced in high yields and have biological 
activity sufficient for testing the clinical efficacy of these proteins to inhibit 
(completely, or substantially reduce) unwanted angiogenic activitv. 

Further encompassed by this invention are methods of usina the 

30 anti-angiogenic proteins produced by the methods described herein. For example, 
the anti-angiogenic proteins described herein can be used to test the efficacy of 
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human malignant tumors wherein such treatment would result ,n the 
regression, partial, or complete, of the tumor. These proteins can aiso be used to treat 
other dtseases that have undestrable angiogenesis as described herein. 

Further encompassed by the present invention are compositions comprising 
, an effective amount of an an„-angio g enic prote.n produced by the methods 

scribed herein, and a pharmaceutic* acceptabie carrier. An effective amount o, 
an ant.-angioaenic protein is described herein, and typically is an amount suft.ctent 
,o inhibit endothelial acv.tv such as endothelial eel! migration, mhibiuon of tumor 
,„ ovv* arrest of endothelial cells in 0 , phase of the cell cycle, and inducing 
l0 aooptosis in endothelial cells. Assays to determine these acvittes are desenbed 
herein "ED, " is an abbreviation for the amount of am-angiogenic protein which 
reduces a biological effect by one-half reiative to the biological effect seen in the 
absence of the anti-angiogenic protein. Comparing the concentrate of an ant,- 
im „ e „ic proteins required ,0 reduce a biological effect by one-half. ,n for 
, 5 example, the endotheiial cell proliferation assay, is a useful measure of biological 
activity and allows comparison between compositions. 

' Also encompassed by the present invention are methods of using the 
an,i-an»io 2 enic proteins described herein to inhibit undesirable angiogenic activity. 
The methods encompassed by the present invention can inhibit endothelial cell 
oo mioratron. inhibit tunor grow* t,r mammals, arrest endotheiial cells tn 0, phase of 
tecell cvcle.and induce apoptosis in endothelial cells. The anti-ang.ogenic 
proterns of the present mventior, specifically and reversibiy inhibit endothehal cell 
pr „hfera,ion. The inHbitor protein molecules of the invention are a.so useful as a 
birth control drug, and for treating other angtogenests-related diseases, particularly 
o s antriocenesis-dependent cancers and tumors. 

As a result of the invention described herein, quantities of anti-angiogemc 
proteins, mutant, derivatives and fragments thereof, as weii as ant-angiogemc 
fusion proteins are now available wtth sufficient biological activity for the study and 
treatment of angiogenic diseases. The unexpected and surpnsing abih.y of these 
30 anti-angio.enic compounds to treat and alleviate angtogenesis-dependem cancers 
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aud tumors answers a long lei: unfulfilled need in the medical an-,, and provides an 
important benefit to mankind. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure ] is a schematic diagram of the Pichia pastoris expression vector. 
5 Figure 2 is a schematic diagram of the modified Pichia pastoris expression 

vector. 

Figure 3 is a schematic representation of the cloning of endostatm using the 
Pickia pasioris expression system of the present invention. 

Figure 4 depicts the mouse endostatm sequence and sequences of endostatm 
10 mutants EMI and EM2, 

Figure 5 is a graph showing yeast construct names, primer sequences, 
cloning sites, vectors for the production of endostatm. Also shown are protein 
sequences for the produced proteins. HTH-endo indicates the mouse endostatm 
amino acid sequence. AHSH-endo indicates the human endostatm amino acid 
) 5 sequence. 

Figure 6A shows the purification of recombinant mouse endostatin using a 
Ni-NTA column. The protein was purified under denaturing conditions. The 
solubilized protein containing 8 M urea was loaded on a Ni-NTA column and the 
bound protein was eluted by decreasing the pH of the elution buffer, u) pH of the 

20 elution buffer, (o) Absorbance at 280 nm. 

Figure 6B shows the purified mouse endostatin protein was analyzed by 12% 
SDS-PAGE. kDa marker-low molecular weight protein standards. 10 1 of selected 
fractions from each elution point were analyzed. In addition to the expected 22-24 
kDa protein, considerable amounts of higher molecular weight complexes 

25 corresponding to 46 and 69 kDa were also seen. When the protein was reduced with 
DTT ? all the higher molecular weight complexes converted to a monomeric subunit 
corresponding to 22-24 kDa. 

Figure 7A shows the purification of soluble mouse endostatin expressed in 
yeast using a heparin-agarose column. The concentrated supernatant from one liter 

30 culture was loaded m batches. A step-wise gradient of NaCI from 0.3, 0.6, 1 and 2 
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M was used to elute bound endostatm from the column. The elated fractions were 
collected as 2 ml per tube. (i)Concentration of KaCl. (o) Absorbance at 280 nm. 

Figure 7B shows the electrophoretic analysis of purified recombinant soluble 
mouse endostatm from heparin-agarose column by 12% SDS-PAGE. kDa 
5 marker-low molecular weight standards. The purified protein migrated as a single 
band corresponding, to 20 kDa. A 10 microliter aliquot of selected fractions was 
used for analysis of purity of the eluted protein. 

Ficure 8A shows the purification of soluble His.endostatm expressed in yeast 
using a Ni-NTA column. Elution profile from the Ni-NTA column. A step-wise 
10 gradient of imidazole (10, 25, 50 and 100 mM) was used to elute the bound proteins 
from the column, (i) Concentration of imidazole, ( o) Absorbance at 280 nm. 

Fisure 8B shows the 12% non-reducing SDS-PAGE of selected fractions. 
kDa marker-low molecular weight standards. The purified recombinant 
His.endostatin migrated as a single band corresponding to 22-24 kDa in 50 mM 
1 5 imidazole, whereas 1 00 mM elution showed a trace amount of higher molecular 
weight complexes corresponding to 44-46 kDa. 

Fisure 9 shows the results of an endothelial cell proliferation assay. The 
purified mouse endostatin expressed from yeast was tested for its ability to inhibit 
<methyl- 3 H) thymidine incorporation in C-PAE cells. bFGF at 3 ng/ml was used as 
20 a stimulus. Each value is a mean of triplicate cultures from a representative 
experiment and error bars represent standard deviation. DNA synthesis in the 
control culture was considered as 100%. The experiment was repeated more than 
4-5 times under identical conditions. 

Figure 10 shows the inhibition of migration of endothelial cells with different 
25 concentration of endostatin. Each treatment was done in duplicate. In each well, the 
number of cells migrated were counted m three different areas and the average 
obtained. Each value is a mean from representative experiments and error bars 
represent standard deviations. 

Fisures 1 1 A and 1 IB show the inhibition of VEGF (11 A) and BFGF (1 IB) 
30 mediated angiogenic response by endostatin. Different concentrations of endostatin 
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were acded on the nylon mesh and vessel growth was determined as described 
herein. All the counts were normalized to the negative control. 

Figure 12 shows the neutralization of the inhibitory effect of mouse 
endostatin by polyclonal antiserum in the endotheieiai proliferation assav. A 24 well 
5 fibronectin-coated piate was seeded with C-PAE cells at 24.500 cells well. 

Recombinant endostatin i 10 micrograms/mi and 5 micrograms ml) was mixed with 
excess of polyclonal antiserum to endostatin or pre-immune or control IcG for 1 h at 
RT. The mixture was then added to C-PAE cells in the presence of 3c 'ml bFGF. 
D\'A synthesis was measured by adding i ci/wvli "H-thvmidine. Each value is a 

10 mean from triplicate culture and error bars represent standard deviation. 

Figure 13A shows the inhibition of 786-0 tumor srowih by systemic 
treatment with recombinant endostatin. Athymic nude mice carrying 786-0 tumor 
cells were treated with recombinant endostatin. when the tumor volume was 
approximately 350-400 mmh Intra-peritoneal injection of endostatin was given at 

15 10 mghkg on a daily basis. The rumor size was measured on alternate davs using a 
caliper and tumor volume was calculated using the standard formula width 2 x lenmh 
x (i,52. Each time point represents the average from five different mice m each group 
and the error bar represents S.E.M.; (o) control PBS; (Ti native endostatin from 
yeast; (_) His. endostatin from yeast: (•) His. endostatin from bacteria. 

20 Figure 1 3B shows athymic nude mice carrying 786-0 tumor cells were 

treated with recombinant endostatin when the tumor volume was approximately 
1 50-200 mm . Intra- peritoneal injection of endostatin was given at 20 ms/ks on a 
daily basis. The tumor size was measured on alternate days using a caliper and 
tumor volume was calculated using the standard formula width 2 X length x 0.52. 

25 Each time point represents the average from five different mice in each group, (o ) 
control PBS; (i) His. endostatin from bacteria; (E) His.EM I from bacteria; (•) 
His. EM 2 from bacteria. 

Figure 1 4A shows a graph showing the purification of soluble human 
endostatin expressed in Pichia pastons using a heparin-agarose column. Fraction 

30 numbers are displayed along the x-axis. and Absorbance at 280 nm is shown on the 
y-axis. A step-wise gradient of KaCl from 0.2 M to 1.0 M was used to eiute bound 
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endostatin from the column. The arrows indicate the concentration of NaCl used for 
elution purposes (0.2 M NaCl starting at fraction 1, and 1 M NaCl starting at 
approximately fraction 15-1 6). The eluted protein was collected in fractions of 2ml. 
Two distinct peaks were observed, one at about fraction 4 and the other at about 

5 fractions 20 to 23. 

Figure 14B shows an electrophoretic analysis of purified recombinant human 
endostatJ from a heparin-agarose column by an 12% SDS-PAGE gel. Sizes in kDa 
are on the left. Six lanes are shown. Lane 1 contains marker; lane 2, crude protein: 
lane 3, wash; lane 4. fraction 3, ciutcd under 0.2 M NaCl; lanes 5 and 6. the elutions 
10 from fractions 19 and 20, respectively, which were eluted under 1 M NaCl. 

Fmures 15A and 15B are bar graphs showing endostatin-mediated inhibition 
of endothelial cell proliferation in HUVE cells (Fig. 15 A) and HMEV-L cells (Fig. 
1 SB). The x-axis of each graph shows the concentration of recombinant protein m 
ne/ml, and the y-axis shows 3 H-thymidme incorporation as a percentage of the 
1 s C ontrol. Light and shaded bars represent human and mouse endostatin. respectively. 

Fieure 16A shows human endostatin treatment of HUVE cells specifically 
affects cells in S phase. Growth arrested HUVE cells were treated with different 
concentrations of human endostatin ranging from 0.5 micrograms/ml to 20 
nncrograms/ml. The cells were grown in 1% FCS and stimulated with 3 ng/ml of 
20 bFGF. 

Figures 16B and 16C show non-endothelial IMR-90 (b) and Wi-38 (C) cells 
were treated with 10 micrograms/ml of human endostatin and processed as described 
herein. 

Figure 16D shows HUVE cells were treated with 10 micrograms/ml of 
25 human endostatm and harvested at 15, 18, 24 and 32 h after treatment. 

Figure 17 is a bar graph showing the inhibition of endothelial cell migration 
resulting from exposure to different concentrations of endostatin. Treatments 
(control control - bFGF. and endostatin at 10, 5, 2.5. 1, 0.5, and 0.1 micrograms 
/ml) are displayed along the x-axis, and the y-axis shows the cell number relative to 
30 representative experiments. Each value is a mean from representative experiments 
and error bars represent standard deviations. 
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Figures * SA-B show the result of the purification of mouse angiostatin o:: a 
Ivsine Sepharost 4B column. 

Figure 19 shows the results of the endothelial proliferation assay usmi: 
mouse angiostatim 

5 Figure 20 is a graph showing the effect of recombinant mouse angiostatm on 

growth of renal cancer cell line 786-0. Time ('days after treatment ) is shown on the 
x-axis. and the rumor volume on the y-asix. Growth of control tumors (dashed hue. 
i j showed increased growth relative to tumors treated with recombinant mouse 
angiostaiin (solid line. _). 
10 Figures 21 A-B show the purification of human angioslatin on a lysine 

Sepharose column. 

Figure 22 depicts the restin and restin M2 nucleotide sequence. 
Figure 23 depicts the restin amino acid sequence. 

Figure 24 is a schematic representation of the cloning of restin into the Pichia 
15 expression system. 

Figure 25 is a graph showing the construct names, primer sequences, cloning 
sites, and vector systems tor producing restin and restin mutants amino acid of restin 
and mutant restin (Aponiigre. also referred to herein as restin-M2) sequences are 
also shown. The "... restin" indicate the restin amino acid sequence. 
20 Figure 26 shows the results of the effects of restin in a migration assay. 

Figure 27 shows the results of the effects of restin in tumor growth. Restin 
and endostatin were used at a concentration of 10 mg/kg. 



DETAILED DESCRIPTION OF THE INVENTION 

in accordance with the present invention, compositions and methods are 
25 provided that are effective for modulating angiogenesis. and inhibiting unwanted 
angiogenesis, especially angiogenesis related to tumor growth. 

The present invention specifically encompasses methods of producing 
anti-angiogenic proteins, specifically including angiostatim endostatin and restin, 
mutants, derivatives, fragments and fusion proteins thereof. Angiostatim endostatin. 
30 and restin. when produced in E. coll. may be contaminated with endotoxin, or may 
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be denatured (/.*., the protein may be improperly folded). Isolation of the native 
forms of these proteins from serum or via production in mammalian ceils results 
proteins with variable, and often very low anti-angiogenic activity levels, and also 
result in low yields of these proteins. As described herein, however, production of 
5 these proteins in the yeas: expression system of the present invention results in 
yields of 10-20 mg of protein per liter of culture. 

The yeast expression system of the present invention utilizes the Pichia 
expression system (InVitrogen. San Diego, CA). Pichia panaris is a 
methanotrophic yeast strain capable of using methanol as a carbon source. It has the 
, 0 advantages of a eukaryotic expression system, including protein processing, protein 
foldino and post-translational modifications, and is suitable for large scale 
fermentation precesses. Tins system exhibits a high level of heterologous protein 
expression. In one embodiment the system uses a vector comprising a histidme tag 
motif. However, other suitable yeast expression systems can also be utilized and 
1 s vectors can be modified to contain a histidme tag motif using standard techniques. 
Alternatively, the selected protein to be expressed can be modified with a linker as 
described herein. Addition of linkers to polynucleotide sequences encoding proteins 
are well-known to those of skill in the art. The specific steps of the methods of the 
present invention are described in detail in the Examples. 
, 0 The term "vector" as used herein means a carrier that can contain or associate 

with specific nucleic acid sequences (polynucleotides) - which functions to transport 
the specific nucleic acid sequences into a cell. Examples of vectors include plasmids 
and infective microorganisms such as viruses, or non-viral vectors such as 
lieand-DNA conjugates, liposomes, li P id-DNA complexes. It may be durable that 
25 a recombinant DNA molecule comprising an anti-angiogenic protein inhibitor DNA 
sequence is operatively linked to an expression control sequence to form an 
expression vector capable of expressing the protein. 

A "vector" is also referred to herein as a replicon m which another 
polynucleotide segment is attached, such as to bring about the replication and/or 
30 expression of the attached segment. As used herein, "replicon" means any genetic 
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eiemem. such as a plasmiu. a z:r:o\r.oson^ or a virus, that behaves as an autonomous 
unit of polynucleotide replication withm a eel!. 

The tern: "control sequence" refers to polynucleotide sequences which are 
necessary to effect the expression of coding sequences to which they are ligated. 
5 The nature of such control sequences differs depending upon the host organism. In 
eukaryotes. such control sequences generally include promoters, terminators and. in 
some instances, enhancers. The term "control sequence" thus is intended to include 
at a minimum ah components whose presence is necessary for expression, and also 
may include additional components whose presence is advantageous, for example. 

1 0 leader sequences. 

"Operably linked 5 ' refers to a situation wherein the components described are 
in a relationship permitting them to function in their intended manner. Thus, for 
example, a control sequence ''operably linked" to a coding sequence is hgated in 
such a manner that expression of the coding sequence is achieved under conditions 

1 5 compatible with the control sequences. 

The term "open reading frame" or "ORF" refers to a region of a 
polynucleotide sequence which encodes a polypeptide. This region may represent a 
portion of a coding sequence or a total coding sequence. A "coding sequence" is a 
polynucleotide sequence which is transcribed into mR2\A and translated into a 

20 polypeptide when placed under the control of appropriate regulatory sequences. The 
boundaries of the coding sequence are determined by a translation start codon at the 
5'-termmus and a translation stop codon at the o'-terminus. A coding sequence can 
include, but is not limited to, mRNA, cDNA. and recombinant polynucleotide 
sequences. 

25 The term "transformation" refers to the insertion of an exogenous 

polynucleotide into a host cell, irrespective of the method used for the insertion. For 
example, direct uptake, transduction or f-mating are included. The exogenous 
polynucleotide may be maintained as a non-integrated vector, for example, a 
plasmid, or alternatively, may be integrated into the host genome. 

30 "Recombinant host cells", "host cells," "cells", "cell lines," "cell cultures", and 

other such terms denoting microorganisms or higher eukaryotic cell lines cultured as 
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unicellular entities refer to cells which can be. or have been, used as recipients for 
recombinant vector or other transferred DNA. and include the original progeny of 
the original cell which has been transfected. 

The term "isolated" as used herein means that the material is removed from 
5 its original environment (e.g. , the natural environment if it is naturally occurring;. 
For example, a naturally-occurring polynucleotide or polypeptide present m a living 
animal is not isolated, but the same polynucleotide or DNA or polypeptide, which is 
separated from some or all of the coexisting materials in the natural system, is 
isolated. Such polynucleotide could be part of a vector and/or such polynucleotide 
1 0 or polypeptide could be part of a composition, and still be isolated in that the vector 
or composition is not part of its natural environment. 

"Purified" or "isolated" polynucleotide refers to a polynucleotide of interest 
or fragment thereof which is essentially free, i.e., contains less than about 50%, 
preferably less than about 70%, and more preferably, less than about 90% of the 
1 5 protein with which the polynucleotide is naturally associated. Techniques for 
purifying polynucleotides of interest are well-known in the art and include, for 
example^ disruption of the cell containing the polynucleotide with a chaotropic agent 
and separation of the polynucleotide(s) and proteins by ion-exchange 
chromatography, affinity chromatography or sedimentation according to density. 
20 The term "primer" denotes a specific oligonucleotide sequence 

complementary to a target nucleotide sequence and used to hybridize to the target 
nucleotide sequence and serve as an initiation point for nucleotide polymerization 
catalyzed by either DNA polymerase, RNA polymerase or reverse transcriptase. 
A "recombinant polypeptide" as used herein means at least a polypeptide 
25 which by virtue of its origin or manipulation is not associated with all or a portion of 
the polypeptide with which it is associated in nature and/or is linked to a polypeptide 
other than that to which it is linked in nature. A recombinant or derived polypeptide 
is not necessarily translated from a designated nucleic acid sequence. It also may be 
generated in any manner, including chemical synthesis or expression of a 
30 recombinant expression system. 
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'Polypeptide 5 ' as used herein indicates a molecular chain of ammo acids and 
does no: refer to a specific length of the product. Thus, peptides, oligopeptides and 
proteins are included within the definition of polypeptide. This term is also intendec 
to refer to post-expression modifications of the polypeptide, for example, 
glycosylates, acetyiations. phosphorylations and the like, "purified poivpeptide" 
means a polypeptide of interest or fragment thereof which is essentially free, that is. 
contains less than about 50%. preferably less than about 70%, and more preferably, 
less than about 90° o of cellular components with which the polypeptide of interest is 
naturally associated Methods for purifying are know n in the art. 

The present invention specifically encompasses methods of producing a 
protein, which has been named "angiostatin." defined by its ability to overcome the 
angiogenic activity of endogenous growth factors such as bFGF. in vitro, and by its 
ammo acid sequence homology and structural similarity to an internal portion of 
plasminogen beginning at approximately plasminogen amino acid 98 (see. e.s., U.S. 
Patent No.: 5,801,012, U.S. Patent No.: 5.837,682, U.S. Patent No.: 5.733.876, U.S. 
Patent No.: 5,776,704. U.S. Patent No.: 5,639,725. U.S. Patent No.: 5.792,845, WO 
96/035774, WO 95/29242, WO 96/41 194 and WO 97/23500;. Angiostatin 
comprises a protein having a molecular weight of between approximately 38 kDa 
and 45 kDa as determined by reducing polyacrylamide gel electrophoresis and 
having an amino acid sequence substantially similar to that of a fragment of murine 
plasminogen beginning at amino acid number 98 of an intact murine plasminogen 
molecule (O'Reilly. M. S., ctal. Cell, 79:315-328 (1994), the teachings of which 
are incorporated herein in their entirely by reference. 

The ammo acid sequence of angiostatin varies slightly between snecies. For 
example, in human angiostatin the amino acid sequence is substantially similar to 
the sequence of the above described murine plasminogen fragment, although an 
active human angiostatin sequence may start at either amino acid number 97 or 99 of 
an intact human plasminogen ammo acid sequence. Furthermore, fragments of 
human plasminogen have similar anii-angiogenic activity as shown in a mouse 
tumor model. It is to be understood that the number of amino acids in the active 
angiostatin molecule may van' and all ammo acid sequences that have endothelial 
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inhibiting activity are contemplated as being included in the present invention (see, 
e.g.. U.S. Patent No.: 5,801 ,012, U.S. Patent No.: 5,837,682, U.S. Patent No.: 
5.733,876, U.S. Patent No.: 5.776,704, U.S. Patent No.: 5.639,725, U.S. Patent No.: 
5.792.845. WO 96/035774, WO 95/29242, WO 96/41 194 and WO 97/23500). 
5 Amnostatin is also defined as a protein that has a molecular weight of 

approximately 38 to 45 kDathat is capable of overcoming the angiogenic activity of 
endogenous growth factors such as bFGF, in vitro. Angiostatin is a protein having a 
molecular weight of between approximately 38 kDa and 45 kDa as determined by 
reducing polyacrylamide gel electrophoresis and having an amino acid sequence 
1 0 substantially similar to that of a murine plasminogen fragment beginning at amino 
acid number 98 of an intact murine plasminogen molecule. 

The term "substantially similar," when used m reference to angiostatin amino 
acid sequences mean an amino acid sequence having anti-angiogenic activity and 
having a molecular weight of approximately 38 kD to 45kD. which also has a high 
1 5 degree of sequence similarity, or identity, to the peptide fragment of mouse 
plasmiogen beginning approximately at amino acid number 98 in mouse 
plasminogen and weighing 38 kDa to 45 kDa. 

"Sequence identity," as used herein, refers to the subunit sequence similarity 
between two polymeric molecules, e.g., two polynucleotides or two polypeptides . 
20 When a subunit position in both of the two molecules is occupied by the same 

monomelic subunit, e.g., if a position in each of two peptides is occupied by serine, 
then they are identical at that position. The identity between two sequences is a 
direct function of the number of matching or identical positions, e.g., if half (e.g., 3 
positions in a polymer 10 subunits in length), of the positions in two peptide or 
25 compound sequences are identical, then the two sequences are 50% identical; if 90% 
of the positions, e.g., 9 of 10 are matched, the two sequences share 90% sequence 
identity. By way of example, the amino acid sequences VRGLQP and HAFLQP 
have 3 of 6 positions in common, and therefore share 50% sequence identity, while 
the sequences VRGLQP and AFLQP have 3 of 5 positions in common, and therefore 
30 share 60% sequence identity. The identity between two sequences is a direct 

function of the number of matching or identical positions. Thus, if a portion of the 
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reference sequence is deleted in a particular peptide, mat deleted section is no: 
^c>un:?d for purposes of calculating sequence identity, e.g.. YRGLQP ana VRGLP 
nave 5 out of o position m common, and therefore share 83.3° u sequence identity. 

Identity is often measured using sequence analysis software e.e.. BLASTN or 
5 BLAST? ; available at hup:. ^yv.ncbi.nim.nih.govBLAST-'i. The default 

parameters for comparing two sequences (e.g.. "Biasf Ang two sequences anamst 
each other, hup:/ www.ncoi.nlm.nih. gov. gorf-bi2.html} by BLASTN (for nucleotide 
sequences ) are reward for match - 1 . penalty for mismatch = A, open sap = 5. 
extension gap = 2. When using BLAST? for protein sequences, the default 
1 0 parameters are reward for match = 0. penalty for mismatch = 0, open uap = 1 L and 
extension gap = 1 . 

When two sequences share "sequence homology," it is meant that the two 
sequences differ from each other only by conservative substitutions. For 
polypeptide sequences, such conservative substitutions consist of substitution of one 

1 5 amino acid at a given position in the sequence for another amino acid of the same 
class (e.g., amino acids that share characteristics of hydrophobicitv. charge. pK or 
other conformational or chemical properties, e.g., valine for leucine, arirmme for 
lysine), or by one or more non-conservative ammo acid substitutions, deletions, or 
insertions, located at positions of the sequence that do not alter the conformation or 

20 folding of the polypeptide to the extent that the biological activity of the polypeptide 
is destroyed. Examples of ''conservative substitutions" include substitution of one 
non-polar (hydrophobic} residue such as isoleucine, valine, leucine or methionine for 
another; the substitution of one polar (hydrophilic) residue for another such as 
between arginine and lysine, between glutamine and asparacine. between glvcine 

2^ and serine; the substitution of one basic residue such as lysine, arginine or histidine 
for another; or the substitution of one acidic residue, such as aspartic acid or 
glutamic acid for another; or the use of a chemically derivatized residue in place of a 
non-derivatized residue; provided that the polypeptide displays the requisite 
biological activity. Two sequences which share sequence homology may called 

30 "sequence homologs." A polypeptide containing a chemicaiiy-derivatized residue is 
a "chemical derivative" of the reference polypeptide. 
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Homology, for polypeptides, is typically measured using sequence analysis 
software (e.g.. Sequence Analysis Software Package of the Genetics Computer 
Group. University of Wisconsin Biotechnology Center, 1710 University Avenue. 
Madison, Wl 53705). Protein analysis software matches similar sequences by 
5 assigning degrees of homology to various substitutions, deletions, and other 

modifications. Conservative substitutions typically include substitutions within the 
following groups: glycine, alanine; valine, isoleucine. leucine; aspartic acid, 
glutamic acid, asparagme, glutamme; serine threonine; lysine, argmine; and 

phenylalanine, tyrosine. 

1 0 A i so encompassed by the present invention are methods of making 

endostatin. The term "endostatin" refers to a protein that is preferably 1 8 kDa to 20 
kDa in size as determined by non-reduced and reduced gel electrophoresis, 
respectively. .CVReiiiy. M.S., et ai, Cell 88:277-285 (1997), the teachings of which 
are herein incorporated in their entirety. The term endostatin aiso includes precursor 

1 5 forms of the 1 8 kDa to 20 kDa protein. Endostatin also includes fragments of the 1 8 
kDa to 20 kDa protein and modified proteins and peptides that have a substantially 
similar amino acid sequence, and which are capable inhibiting proliferation of 
endothelial cells. For example, silent substitutions of amino acids, wherein the 
replacement of an amino acid with a structurally or chemically similar ammo acid 

20 does not significantly alter the structure, conformation or activity of the protein, is 
well laiown in the art. Such silent substitutions are intended to fall within the scope 
of this invention. 

The N-terminal amino acid sequence of endostatin corresponds to an internal 
20 amino acid peptide fragment found in mouse collagen alpha 1 type XVIII starting 

25 at ammo acid 1 105 and ending at ammo acid 1 124 (see, e.g., U.S. Patent No.: 

5.801,012, U.S. Patent No.: 5,837,682, U.S. Patent No.: 5,733,876, U.S. Patent No.: 
5,776,704, U.S. Patent No.: 5,639,725, U.S. Patent No.: 5,792,845, WO 96/035774, 
WO 95/29242. WO 96/41 194 and WO 97/23500). The N-terminal amino acid 
sequence of the inhibitor also corresponds to an internal 20 amino acid peptide 

30 fragment found in human collagen alpha 1 type XVIII starting at ammo acid 1132 
and ending at amino acid 1151. Also encompassed by the present invention are 
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enuostatm mutants are endostatin mutants, as described in U.S. paten; application 
U.S. S.N".: XX XXX.XXX and parent "Anti-Angiogenic Peptides and Methods of 
Use Thereof." by Vikas P. Sukhatrne filed on December 8, I99S. the teachings of 
which are herein incorporated in their entirety by reference. The biolosicai activity 
5 of these mutants can he e\ aluated as described herein and compared to the bioiogicai 
activity of the "wild type 1 ' endostatm. or endostatin produced by other methods. 

Endostatin can be isolated from murine hemangioendothelioma EOMA. 
Endostatin may be produced from recombinant sources, from genetically altered 
cells implanted into animals, from tumors, and from cell cultures as well as other 

10 source?. Endostatm can be isolated from body fluids including, but not limited to. 
serum, urine and ascites, or synthesized by chemical or biological methods [e.g.. cell 
culture, recombinant gene expression, peptide synthesis, and in vitro enzymatic 
catalysis of precursor molecules to yield active endostatin). Recombinant techniques 
include gene amplification from DNA sources using the polymerase chain reaction 

1 5 i PCR). and gene amplification from RNA sources using reverse transcriptase /PCR. 

Also encompassed by the present invention are methods of producing restm. 
Applicants have discovered a new class of protein molecules described in U.S.S.N.: 
XX/XXX.XXX, and U.S. patent application "Restin and Methods of Use Thereof" 
by Vikas P. Sukhatrne filed on December 8, 1998. the teachings of which are 

20 incorporated herein in their entirety, that have the ability to inhibit endothelial 
proliferation when added to proliferating endothelial cells in vitro. Accordingly, 
these protein molecules and restin mutants have been functionally defined as restins, 
however, it is to be understood that this functional definition is no way limits the 
bioactivity of restins to inhibition of endothelial cell growth in vitro or in vivo. Manv 

25 other functions of restins are likely. Restin is a proteolytic fragment, and part of the 
collagen XV family. (See Figures 22-23). The restin protein is an approximately 20 
kD C-terminal fragment of collagen XV and has no affinity for heparin. Also, 
specifically encompassed by the present invention are fragments or restin mutants 
One such fragment, designated "Apomigren", was found to have anti- 

30 angiogenic activity equivalent or superior to that of human or mouse endostatin, as 
determined by standard assays. Apomigren comprises the last approximately 85 
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ammo acid residues of Restin itself, from about amino acid 97 to about ammo acid 
181 of SEQIDNO: ; 

IYS FDG RDI MTD PSW PQK VIW HGS SPH GVR LVD NYC EAW 
RTA DTA VTG LAS PLS TGK ILD QKA YSC AKR LIV LCI ENS FMT 
5 DAR K 

The polynucleotide sequence encoding Apomigren therefore corresponds to about 
nucleotide 289 to about nucleotide 543 of SEQ ID NO: , and can be amplified out 
of SEQ ID NO: with the forward primer 5AAAG AAT GCG GCC GCT TAG 
TTC CTA GCG TCT GTC ATG AAA CTG TTT TCG AT-3' (SEQ ID NO: ) and 

1 0 the same reverse primer as that used for Restin ( SEQ ID NO: ). Cloning and 
expression of Anomigren is done as for Restin itself, as illustrated in the Examples 
below. Apomigren provides an advantage in treatment of angiogenic diseases in that 
increasingly smaller peptides are more potent on a weight basis, and may be able to 
better penetrate tissues. 

15 it will be appreciated that the terms "angiostatin, endostatm and restin" 

include shortened proteins or peptides, referred to herein as mutants or fragments, 
wherein one or more amino acid is removed from either or both ends of endostatm, 
or from an internal region of the protein, yet the resulting molecule retains 
endothelial proliferation inhibiting activity. The terms "angiostatin, endostatm and 

20 restin" also include lengthened proteins or peptides wherein one or more amino acid 
is added to either or both ends of endostatin, or to an internal location in the protein, 
yet the resulting molecule retains endothelial proliferation inhibiting activity. Such 
molecules, for example with tyrosine added in the first position are useful for 
labeling such as radioiodination with 125 iodine for use in assays. Labeling with 

25 other radioisotopes may be useful in providing a molecular tool for destroying the 
target cell containing endostatin receptors. Other labeling with molecules such as 
ricin may provide a mechanism for destroying cells with anti-angiogenic protein 
receptors. 

Also included in the definition of the terms "angiostatin, endostatin and 
30 restin" are modifications of the protein, its subunits and peptide fragments. Such 
modifications include substitutions of naturally occurring amino acids at specific 
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sites with other molecules, including but no: limited to natural iv and non-naturailv 

occurring amino acias. Such substitutions may modify tne bioaetivitv of the 
anti-angiogenic protein and produce biological or pharmacological agonists or 
antagonists. Modincauons can also induce modified ammo acids within tne protein 
5 sequence, or modifications to the intact protein sequence that inhibit protease 
activity, or otherwise enhance the stability of the protein and decrease protein 
degradation. Such modifications are well-known to those of skill in the ait. See. for 
example U.S. S.N. OS/988.842, the teachings of which are herein incorporated by 
reference. 

i 0 Modified proteins are also referred to herein as derivative proteins, or 

analogs. The term ''derivative" or '"analog'" includes any protenvpolypeptide having 
an amino acid residue sequence substantially identical to a sequence specificailv 
shown herein in which one or more residues have been conservatively substituted 
with a functionally similar residue and which displays the activitv as described 

15 herein. Examples of conservative substitutions induce the substitution of one 

non-polar (hydrophobic) residue such as isoleucine. valine, leucine or methionine for 
another, the substitution of one polar (hydrophiiic) residue for another such as 
between argmine and lysine, between glutamine and asparagine, between glycine 
and serine, the substitution of one basic residue such as lysine, arginine or histidine 

20 for another, or the substitution of one acidic residue, such as aspartic acid or 
glutamic acid for another. 

The phrase "conservative substitution" also includes the use of a chemically 
derivatized residue in place of a non-derivatized residue provided that such 
polypetide displays the requisite inhibition activitv. 

2c° "Chemical derivative" refers to a subject polypeptide having one or more 

residues chemically derivatized by reaction of a functional side group. Such 
derivatized molecules include for example, those molecules in which free amino 
groups have been derivatized to form amine hydrochlorides, p-toluene sulfonyl 
groups, carbobenzoxy groups, t-butyloxycarbonyl groups, chloroacetyl groups or 

30 formyl groups. Free carboxyl groups may be derivatized to form salts, methvl arid 
ethyl esters or ether types of esters or hydrazides. Free hydroxyl groups may be 
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derivatized to form O-acyl or Oaikyl derivatives. The imidazole nitrotzen of 
histidme may be derivatized to form N-imbenzylhistidine. Also included as 
chemical derivatives are those peptides which contain one or more naturally 
occurring amino acid derivatives of the twenty standard amino acids. For examples: 
5 4-hydroxyproline may be substituted for proline; 5-hydroxy lysine mav be substitute 
for lysine; 3-methylhistidine may be substituted for histidme; homosenne may be 
substituted for serine; and ornithine may be substituted for lysine. Polvpeprides of 
the present invention also include any polypeptide having one or more additions 
and/or deletions or residues relative to the sequence of a polypeptide whose 
1 0 sequence is shown herein, so long as the requisite activity is maintained. 

The present invention also contemplates amino acid residue sequences that 
are analogous to sequences of the proteins described herein, and the nucleic acid 
sequences encoding these proteins. It is well known in the ait that modifications and 
changes can be made without substantially altering the biological function of the 

15 protein. In making such changes, substitutions of like amino acid residues can be 
made on the basis of relative similarity of side-chain substituents, for example, then- 
size, charge, hydrophobicity, hydrophilicity and the like. Alterations of the type 
described may be made to enhance the peptide's potency or stability to enzymatic 
breakdown or pharmacokinetics. Thus, sequences deemed as within the scope of the 

20 invention, include those analogous sequences characterized by a change in amino 
acid residue sequence or type wherein the change does not alter the fundamental 
nature and biological activity of the aforementioned anti-angiogenic proteins, 
derivatives, mutants fragments and/or fusion proteins. 

Anti-angiogenic fusion proteins of the present invention encompass a protein 

25 comprising one or more of the proteins, mutants, derivatives or fragments described 
herein as well as other anti-angiogenic molecules known to those of skill in the art. 
For example, a fusion protein encompassed by the present invention can be encoded 
by a polynucleotide encoding endostatin linked to restm wherein the expressed 
fusion protein comprises activity of both endostatin and restin, resulting in a 

30 reasonable increase of the biological activity of the fusion protein over either 
monomeric wild-type endostatin or restin. Another type of fusion protein 
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encompassed by the present inversion can be a fusion proiem encoded bv a 
polynucleotide encoding two restin nioiecuies :n tandem. optionally linked bv a 
linker. Again, it is reasonable to predict tnat the fusion protein would have higher 
activity than the monomeric restin. 
5 Other examples of anti-angiogenic fusion proteins of the present invention 

include conjugates of the proteins. Such fusion proteins mav or mnv not be capable 
of being cleaved into the separate proteins from which they are derived. As used 
herein, the term "conjugate of an anti-angiogenic protein" means an anti-angiogenic 
prctein chemically coupled to another protein to form a conjugate. Examples of 

10 conjugates include a protein fragment coupled to albumin or to a peptide fragment 
from another anti-angiogenic protein. 

As used herein, the term (i ant:-angiogenes:s activity" refers to the capability 
of a molecule to inhibit the growth of blood vessels. As used herein, the term 
"endothelial inhibiting activity" refers to the capability of a molecule to inhibit 

15 angiogenesis in general and. for example, to inhibit the growth or migration of 
bovine capillary endothelial cells in culture in the presence of fibroblast growth 
factor or other known growth factors. An anti-angiogenic protein, mutant, derivative, 
fragment or fusion protein of the present invention may be characterized on the basis 
of potency when tested for its "endothelial inhibiting activity''. Other measures of 

20 endothelial inhibiting activity are described herein. 

The anti-angiogenic proteins of the present invention are effective in treating 
diseases or processes that are mediated by, or involve, angiogenesis. The present 
invention includes the method of treating an angiogenesis-mediated disease with an 
effective amount of an anti-angiogenic protein produced by the methods described 

25 herein, or a biologically active mutant, derivative, fragment or fusion protein thereof, 
or combinations of proteins that collectively possess anti-angiogenic activity, or the 
activity of anii-angiogenic agonists and antagonists. 

As used herein, the term "angiogenesis" means the generation of new blood 
vessels into a tissue or organ, and involves endothelial cell proliferation. Under 

30 normal physiological conditions, mammals (humans or animals) undergo 

angiogenesis only in very specific restricted situations. For example, angiogenesis is 
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normally observed in wound healing, fetal and embryonal development, and 
formation of the corpus luieum, endometrium and placenta. The term "endothelium' 1 
means a thin layer of flat epithelial cells that lines serous cavities, lymph vessels, 
and blood vessels. 

5 As used herein, the term "angiogenesis-associated factor" means a factor 

which either inhibits or promotes angiogenesis. An example of an 
aimiosenesis-associated factor is an angiogenic growth factor, such as basic 
fibroblastic growth factor (bFGF), which is an angiogenesis promoter. Another 
example of an angiogenesis associated factor is an angiogenesis inhibiting factor 

10 such as angiostatin. As used herein, the term "growth factor" means a molecule 
that stimulates the growth, reproduction, or synthetic activity of cells. 

The angiogenesis mediated diseases include, encompassed herein but are not 
limited to, solid tumors; blood born tumors such as leukemias; tumor metastasis; 
benign tumors, for example hemangiomas, acoustic neuromas, neurofibromas, 

15 trachomas, and pyogenic granulomas; rheumatoid arthritis; psoriasis; ocular 

aneiogenic diseases, for example, diabetic retinopathy, retinopathy of prematurity, 
macular degeneration, corneal graft rejection, neovascuiar glaucoma, retrolental 
fibroplasia, rubeosis: Osier- Webber Syndrome: myocardial angiogenesis; plaque 
neovascularization; telangiectasia; hemophiliac joints; angiofibroma; and wound 

20 granulation. Angiostatin is useful in the treatment of disease of excessive or 

abnormal stimulation of endothelial cells. These diseases also include, but are not 
limited to, intestinal adhesions, Crohn's disease, atherosclerosis, scleroderma, and 
hypertrophic scars, i.e., keloids. The anti-angiogenic proteins described herein can 
also be used as a birth control agent by preventing vascularization required for 

25 embryo implantation. The proteins are also useful in the treatment of diseases that 
have angiogenesis as a pathologic consequence such as cat scratch disease (Rochele 
minalia quintosd) and ulcers (Helicobacter pylori). 

As used herein, the term "cancer" means angiogenesis-dependent cancers and 
tumors, i.e., tumors that require for their growth (expansion in volume and/or mass) 

30 an increase in the number and density of the blood vessels supplying them with 

blood. More specifically, as used herein, the term "cancer" means neoplastic growth, 
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hyperplastic or proliferative growth or a pathological s:ate of abnormal cellular 
development and includes solid tumors. non-solid tumors, and ar-v abnormal cehuia 1 - 
proiireratiom such as that seen in leukemia. "Regression" relers to the reduction of 
tumor mass and size as measured using standard techniques. 

5 ADMINISTRATION AND DOSING 

An anti-angiogenic protein produced by the methods of the present invention 
can be used in a composition, wherein the protein is combined with a 
pharmaceutical!}- acceptable carrier. Such a composition may also contain (in 
addition to protein and a earner;) diluents, fillers, salts, buffers, stabilizers. 
10 solubilizers. and other materials well known in the art. The term "pharmaceutical!}' 
acceptable" means a non-toxic materia! that does not interfere with the effectiveness 
of the biological activity of the active ingredient(s). The characteristics of the carrier 
will depend on the route of administration. 

The compositions of the present invention may also contain other 

1 5 anti-angiogenic proteins or chemical compounds, such as endostatin, anaiostatin, 
restim and mutants, derivatives, fragments, and analogs thereof The composition 
may further contain other agents which either enhance the activity of the protein or 
compliment its activity or use in treatment, such as chemotherapeutic or radioactive 
agents. Such additional factors and/or agents may be included in the composition to 

20 produce a synergistic effect with protein of the invention, or to minimize side 
effects. Additionally, administration of the composition of the present invention 
may be administered concurrently with other therapies, e.g., administered in 
conjunction with a chemotherapy or radiation therapy reeimen. 

A protein of the present invention may be active in multimers (e.g.. 

25 heterodimers or homodimers) or complexes with itself or other proteins. As a result, 
compositions of the invention may comprise a protein of the invention in such 
multimeric or complexed form. Such multimers, or complexes, are especiallv useful 
to prolong the half-life of the anti-angiogenic protein in circulation. Alternatively, it 
may be undesirable to administer the anti-angiogenic protein systcmicaliy because of 

30 side-affects. In this case, it is useful to conjugate the anti-angiogenic protein with a 
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targeting agent to deliver (target) the anti-angiogenic protein to a specific tissue, or 
organ. For example, the anti-angiogenic protein can comprise a peptide to target to 
specific cell surface receptors (e.g., VEGF to target vasculature). Such targeting 
molecules are well known to those of skill in the an. 
5 The compositions of the present invention can be in the form of a liposome 

in which protein of the present invention is combined, in addition to other 
pharmaceutical!}- acceptable earners, with amphipathic agents such as lipids which 
exist in aggregated form as micelles, insoluble monolayers, liquid crystals, or 
lamellar layers in aqueous solution. Suitable lipids for liposomal formulation 

10 include, without limitation, monoglyccrides, diglycerides. sulfatides, iysolecithin. 
phospholipids, saponin, bile acids, and the like. Preparation of such liposomal 
formulations is within the level of skill in die art, as disclosed, for example, in U.S. 
Fat. No. 4,235,871; U.S. Pat. No. 4,501,728; U.S. Pat. No. 4,837,028; and U.S. Pat- 
No. 4,737,323, all of which are incorporated herein by reference. 

15 As used herein, the term "therapeutically effective amount" means the total 

amount of each active component of the pharmaceutical composition or method that 
is sufficient to show a meaningful patient benefit, i.e., treatment, healing, prevention 
or amelioration of the relevant medical condition, or an increase in rate of treatment, 
healing, prevention or amelioration of such conditions. When applied to an 

20 individual active ingredient, administered aione, the term refers to that ingredient 
alone. When applied to a combination, the term refers to combined amounts of the 
active ingredients that result in the therapeutic effect, whether administered in 
combination, serially or simultaneously. 

In practicing the method of treatment or use of the present invention, a 

25 therapeutically effective amount of protein of the present invention is administered 
to a mammal having a condition to be treated. The anti-angiogenic protein of the 
present invention can be administered in accordance with the method of the 
invention, either alone or in combination with other therapies. Such administration 
can be current or sequential. If administered sequentially, the attending physician 

30 will decide on the appropriate sequence of administering protein of the present 
invention in combination with the other factors. 
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As used herein, the term "prodrug" refers to compounds which are rapid!) 
transformed in vivo to yield the parent compound, for example. bv eiizvmatic 
hydrolysis in biooc. A thorough discussion is provided in T. Kieuchi and \h Stella. 
Prodrugs as Xovcl Deliver} Systems. Vol. ]4 of the ACS Symposium Series and in 
5 Edward B. Roche, ed.. Biorcversiblc Carriers in Drug Design. American 
Pharmaceutical Association and Perrnagon Press. 1987. both of which are 
incorporated herein by reference. Also as used herein, prodrug can encompass an 
anti-angiogenic protein which requires processing m the mammal in order to become 
activated, for example an anti-angiogenie protein that requires proteolytic cleavage 

1 0 resulting in a protein with anti-angiogenic activity. 

Administration of protein of the present invention used in the pharmaceutical 
composition or to practice the method of the present invention can be canned out m a 
variety of conventional ways, such as oral ingestion, inhalation, topical application 
or cutaneous, subcutaneous, intraperitoneal, parenteral or intravenous injection. 

1 5 intravenous administration to the patient is preferred. 

When a therapeutically effective amount of protein of the present invention is 
administered orally, protein of the present invention will be in the form of a tablet, 
capsule, powder, solution or elixir. When administered in tablet form, the 
pharmaceutical composition of the invention may additionally contain a solid carrier 

20 such as a gelatin or an adjuvant. The tablet, capsule, and powder contain from about 
5 to 95% protein of the present invention, and preferably from about 25 to 90% 
protein of the present invention. When administered in liquid form, a liquid earner 
such as water, petroleum, oils of animal or plant origin such as peanut oil. mineral 
oil. soybean oil. or sesame oil. or synthetic oils may be added. The liquid form of the 

25 pharmaceutical composition may further contain physiological saline solution, 

dextrose or other saccharide solution, or glycols such as ethylene glycol, propylene 
glycol or polyethylene glycol. When administered in liquid form, the pharmaceutical 
composition contains from about 0.5 to 90% by weight of protein of the present 
invention, and preferably from about 1 to 50% protein of the present invention. 

30 When a therapeutically effective amount of protein of the present invention is 

administered by intravenous, cutaneous or subcutaneous injection, protein of the 
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present invention will be in the form of a pyrogen-free, parenterally acceptable 
aqueous solution. The preparation of such parenterally acceptable protein solutions, 
having due reeard to pH : isotonicity, stability, and the like, is within the skill in the 
an. A preferred pharmaceutical composition for intravenous, cutaneous, or 

5 subcutaneous injection should contain, in addition to protein of tiie present 

invention, an isotonic vehicle such as Sodium Chloride Injection, Ringer's Injection. 
Dextrose Injection, Dextrose and Sodium Chloride Injection, Lactated Ringer's 
Injection, or other vehicle as known in the art. The pharmaceutical composition of 
the present invention may also contain stabilizers, preservatives, buffers, 

1 0 antioxidants, or other additives known to those of skill m the art. 

The amount of protein of the present invention in the pharmaceutical 
composition of the present invention will depend upon the nature and seventy of the 
condition beins treated, and on the nature of prior treatments which the patient has 
undergone. Ultimately, the attending physician will decide the amount of protein of 

1 5 the present invention with which to treat each individual patient. Initially, the 

attending physician will administer low doses of protein of the present invention and 
observe the patient's response. Larger doses of protein of the present invention may 
be administered until the optimal therapeutic effect is obtained for the patient, and at 
that point the dosage is not increased further. It is contemplated that the various 

20 pharmaceutical compositions used to practice the method of the present invention 
should contain about 0.01 micrograms |a to about 100 mg (preferably about 0.1 
micrograms to about 10 mg, more preferably about 0.1 micrograms to about 1 mg) 
of protein of the present invention per kg body weight. 

The duration of intravenous therapy using the pharmaceutical composition of 

25 the present invention will vary, depending on the severity of the disease being 
treated and the condition and potential idiosyncratic response of each individual 
patient. It is contemplated that the duration of each application of the protein of the 
present invention will be in the range of 12 to 24 hours of continuous intravenous 
administration. Ultimately the attending physician will decide on the appropriate 

30 duration of intravenous therapy using the pharmaceutical composition of the present 
invention. 
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The term "parenteral", as used herein, refers to -odes of administration 
which mc;ude intravenous, intramuscular, intraperitoneal, mtrasiemal. subcutaneous 
and intraarticular injection and infusion. Pharmaceutical compositions for parenteral 
injection comprise pharmaceutical.}- acceptable sterile aqueous or nonaqueous 
5 solutions, dispersions, suspensions or emulsions as well as sterile powders for 
reconstitution into sterile injectable solutions or dispersions just prior to use. 
Examples of suitable aqueous and nonaqueous carriers, diluents, solvents or vehicles 
include water, ethanoh po'yois (such as glycerol, propylene glycol, polvethylene 
glycol and the like}, carbcxymethylcellulose and suitable mixtures thereof, vegetable 

1 0 oils ( such as olive oil's and injectable organic esters such as ethyl oleate. Proper 
fluidity may be maintained, for example, by the use of coating materials such as 
lecithin, by the maintenance of the required panicle size in the case of dispersions 
and by the use of surfactants. These compositions may also contain adjuvants such 
as preservatives, wetting agents, emulsifying agents and dispersing agents. 

15 Prevention of the action of microorganisms may be ensured by the inclusion of 
various antibacterial and antifungal agents such as paraben. chlorobutanol, phenol 
sorbic acid and the like. It may also be desirable to include isotonic agents such as 
sugars, sodium chloride and the like. Prolonged absorption of the injectable 
pharmaceutical form may be brought about by the inclusion of agents, such as 

20 aluminum monostearate and gelatin, which delay absorption. Injectable depot forms 
are made by forming microencapsule matrices of the drug in biodegradable polymers 
such as polyiactide-poiyglycolide. poly(orthoesiers) and poly(anhydrides ). 
Depending upon the ratio of drug to polymer and the nature of the particular 
polymer employed, the rate of drug release can be controlled. Depot injectable 

25 formulations are also prepared by entrapping the drug in liposomes or 
microemuisions which are compatible with body tissues. The injectable 
formulations may be sterilized, for example, by filtration through a 
bacterial-retaining filter or by incorporating sterilizing agents in the form of sterile 
solid compositions which can be dissolved or dispersed in sterile water or other 

j0 sterile injectable media, just pnor to use. 
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The compounds of the present invention may be used in the form of 
pharmaceutical!:/ acceptable salts derived from inorganic or organic acids. By 
''pharmaceutical^ acceptable salt" is meant those salts which are, within the scope ot 
sound medical judgement, suitable for use in contact with the tissues of humans and 
5 lower animals without undue Toxicity, irritation, allergic response and the like and 
are commensurate with a reasonable benefit/risk ratio. Pharmaceutical)' acceptable 
salts are well-known in the art. For example, S. M. Berge. et al describe 
pharmaceutical^ acceptable salts in detail in J Pharmaceutical Sciences (1977) 
66:1 ct seq., which is incorporated herein by reference. The salts may be prepared m 
10 situ durinu the final isolation and purification of the compounds of the invention or 
separately by reacting a free base function with a suitable organic acid. 
Representative acid addition salts include, but are not limited to acetate, adipate, 
akinate, citrate, aspartate, benzoate. benzenesulfonate. bisulfate, buiyrate. 
camphorate, camphorsufonate, digluconate, glycerophosphate, hemi sulfate, 
1 5 heptonoate, hexanoatc, fumarate, hydrochloride, hydrobromide, hydroiodide, 
2-hydroxymethanesulfonate (lsethionale), lactate, maleate, methanesulfonate, 
nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3- 
phenylpropionate, picrate, pivaiate, propionate, succinate, tartate, thiocyanate, 
phosphate, glutamate, bicarbonate, p-toluenesulfonate and undecanoate. Also, the 
20 basic nitrogen-containing groups can be quatemized with such agents as lower alkyl 
halides such as methyl ethyl propyl and butyl chlorides, bromides and iodides; 
dialkyl sulfates like dimethyl diethyl, dibutyl, and diamyi sulfates; long chain 
halides such as decyl lauryl myristyl and stearyl chlorides, bromides and iodides; 
arylalkyl halides like benzyl and phenethyl bromides and others. Water or 
oil-soluble or dispersible products are thereby obtained. Examples of acids which 
may be employed to form pharmaceutical^ acceptable acid addition salts include 
such inorganic acids as hydrochloric acid, hydrobromic acid, sulphuric acid and 
ohosphoric acid and such organic acids as oxalic acid, maleic acid, succinic acid and 
citric acid. 

0 Topical administration may be suitable for wound healing and tissue repair. 

Therapeutically useful agents other than a protein of the invention which may also 
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opuoitaLy he induced in the composition as cesenoed above. a'ternanve'v o 1 * 
additionally, oe administered simultaneously or sequentially with the composition m 
the methoos of the m\'ent;on. 

Poiynucieotides encoding the anti-angiogenic proteins, mutants, derivatives. 

: magments ana fusion proteins of the present invention can aiso be used for sene 
therapy. The use of gene therapy is supported when a steady supply te.g.. chronic 
supply) of tne anti-angiogenic protein is desirable. Such polynucleotides can be 
introduced either in vivo or ex vivo into cells for expression m a mammalian subject. 
For example, a suitable vector containing the polynucleotide encoding the anti- 

0 angiogenic protein can be introduced into the bone marrow, muscle, liver or joint (in 
the case of rheumatond arthritis, when the protein would be expressed in the 
synovial fluid). Methods of gene therapy are know to those of skill in the art (see for 
example, U.S. Patent No 5.398.346, the teachings of which are incorporated herein 
in their entirety). 

5 Polynucleotides of the invention may also be administered by other known 

methods for introduction of nucleic acid into a cell or organism (including, without 
limitation, in the form of viral vectors or naked DNA). Alternatively, cells can also 
be cultured ex vivo in the presence of proteins of the present invention in order to 
proliferate or to produce a desired effect on or activity in such cells. Treated cells 

0 can then be introduced into the mammal, wherein the anti-anaioeenic proteins is 
expressed for therapeutic purposes. 

Proteins of the invention may also be used to immunize animals to obtain 
polyclonal and monoclonal antibodies which specifically react with the protein. 
Such antibodies may be obtained using either the entire protein or fragments thereof 

5 as an immunogem The peptide immunogens additionally may contain a cysteine 
residue at the carboxyl terminus, and are conjugated to a hapten such as keyhole 
limpet hemocyanin (KLH). Methods for synthesizing such peptides are known in the 
art, for example, as in R. P. Merrifield, J. Amer. Chem. Soc. r 85, 2149-2154 (1963); 
J. L. Krstenansky 5 el al, FEBS Lett. 21 L 10 (1987). Monoclonal antibodies binding 

0 to the protein of the invention may be useful diagnostic agents for the 

immunodetection of the protein. Neutralizing monoclonal antibodies binding to the 



WO 99/29878 



PCT/US98/25892 



protein may also be useful therapeutics for both conditions associated with the 
protein and also in the treatment of some forms of cancer where abnormal 
expression of the protein is involved. In the case of cancerous cells or leukemic 
cells, neutralizing monoclonal antibodies against the protein may be useful in 
5 detecting and preventing the metastatic spread of the cancerous celis. which may be 
mediated by the protein. 

Methods for performing the uses listed above are well known to those skilled 
in the an. References disclosing such methods include without limitation "Molecular 
Cloning: A Laboratory Manual", 2d ed., Cold Spring Harbor Laboratory Press, 
10 Sambrook, J., E. F. Fritsch and T. Maniatis eds.. 1989, and "Methods in 

Enzymoiogy: Guide to Molecular Cloning Techniques" . Academic Press. Berger. S. 
L. and A. R. Kimmel eds., 1987. 

The present invention is illustrated by the following examples, which are not 
intended to be limited in any way. 

1 5 EXAMPLES 

EXAMPLE 1 : CELL LINES 

C-PAE, a calf pulmonary artery endothelial cell line, and ECV304, a human 
endothelial cell line, were obtained from ATCC (American Type Culture Collection, 
10S01 University Boulevard, Manassas, VA, 201 10-2209, USA). The C-PAE cell 
20 line was maintained in DMEM and ECV304 in M 1 99, both supplemented with 1 0% 
fetal calf serum (FCS), 100 U/'ml penicillin, 100 g/ml of streptomycin and 2 mM 
L-glutamine. HUVE (human umbilical vein endothelial cell line) and HMVE-L 
(human microvascular endothelial cell (lung) cell line l were purchased from 
Clonetics Corporation (San Diego, California. USA). HUVE cells were maintained 

5 in EGM medium containing bovine brain extract ( 3 mg/ml'), hEGF (10 c/ml). 

hydrocortisone (1 g/ml), 2% FCS, gentamicin (50 mg/ml, 0.5 ml), and amphotericin 
(50 g/ml i. The HMVE-L cells were maintained in EGM-2 medium containing 
growth factors suggested by the manufacturer according to standard protocols 
(Clonetics, Inc., CA manufacturers directions). The yeast expression system. Pichia 

0 past oris (pPICZaA) was purchased from InVitrogen (San Diego, California, USA'). 
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Restriction enzymes and Vent DNA polymerase were purchased from New England 
Bio Labs < Beverly. Massachusetts. USA). IMR-90 ('ATCC No.: CCL-1S6; and 
WIGS (ATCC No.: CCL-"). human fibroblast were also purchased from ATCC. 

EXAMPLE 2: CLONING AND EXPRESSION OF MOUSE ENDO STATIN INTO 
5 PROKARYOTIC SYSTEM. 

The sequence? for endostann are shown in Figures 4 and 5. The sequence 
encoding the carboxy terminal portion of mouse collagen XVIII was amplified by 
PCR using Vent DNA polymerase. The endostatm pBACPakS vector was used as a 
template for POP. amplification. The primers used were as follows: 

10 5'-GG C-ATA-TGC -ATA-CTCAATC-AGG-ACT-TT-l' (SEQ ID NO: ) 
f'-AA C-TCG-AG A-TTT-GGA-GAA-AGA-GGT-T (SEQ ID NO: ) 
PCR was carried out for 30 cycles, each cycle having the following parameters: 
94%C denaturarion. 60%C for annealing and 72%C extension, for 1 minute each. 
The amplified DNA fragment (555 bp) was purified using a QlAquick PCR 

1 5 purification kit and then digested with Nad and Xhol. The digested fragment was 
then hgated into a predigested expression vector pETl7bhis (Dhanabak M.. Frvxelk 
D.K. & Ramakrishnam S. (1995) J. Immunol. Methods 182:165-175 !. Initial 
transformation was carried out with the HMS 174 host strain. Positive clones were 
sequenced on both strands. The desired clones were finally transformed into 

20 BL2 1 (DE3) for expression. The expression of recombinant protein in the pET 
system was carried out as described by the manufacturer. 

An Ni-NTA agarose column was used to purify the recombinant protein 
(Figure 6A). Protein present in inclusion bodies was solubiiized in 8 M urea and 
purified under denaturing condition as described by O'Reilly et al ( O'Reilly, M.S., 

25 Boehm, T., Shing. Y. ? Fukai, N., Vasios, G.. Lane, W.S., Flynm E.. Birkhead, J.R., 
Olsen, B.R. & Folkmam J. (1997) Cell 88:277-285). SDS-PAGE analysis showed a 
discrete band at 22-24 kDa under non-reducing conditions (Figure 6B ). In addition, 
higher molecular complexes were also observed, which upon reduction resulted in a 
discrete band at 22-24 kDa. The peaks at different pH elutions were pooled and 

30 dialyzed against decreasing concentrations of urea, and final dialysis was performed 
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m PBS buffer pH 7.4, at which time most of the proteins precipitated out of solution. 
Since non-refolded precipitated protein expressed from a similar system had shown 
biological activity in vivo, we have followed the exact procedure used for ''protein 
refolding" (as described by O'Reilly et ai (O'Reilly, M.S., Boehm. T., Shing. Y., 

5 Fukai, N., Vasios, G.. Lane, W.S., Flynn. E., Birkhead, J.R., Olsem B.R.. & 
Folkman, J. (1997) Cell 88:277-285). The precipitated protein was used in 
suspension form for in vivo experiments only, with the concentration of protein 
measured by the BCA method (solubilized in urea with a suitable blank) and stored 
at -70%C in small ahquots Unpublished observations cited in O'Reilly et al, 

10 (O'Reilly, MS.. Boehm, T., Shing, Y. : Fukai, N., Vasios, G., Lane, W.S.. Flynn. E.. 
Birkhead. J.R., Olsem B.R. & Folkman, J. (1997) Cell 88:277-285) indicated that a 
C-terminal His. Tag on endostatin destroyed its biological activity. Therefore 
endostatin mutant, EM 1. a 19 kDa protein, was generated with an 1 1 amino acid 
deletion from the C-terminus, leaving all 4 of the cysteine residues intact. 

15 Endostatin mutant EM 2 is a further 8 amino acid deletion that omits the most 
C-terminal cysteine. 

Primers were designed such that 9 and 17 amino acids were deleted from the 
C-terminus of endostatin for EM 1 and EM 2 respectively. The amplified DNA 
fragments (525 bp for EM 1, 501 bp for EM 2) were purified, digested WnhNdel 

20 and NotL and heated into a predigested pET28(a) expression vector. The rest of the 
protocol was carried out as described above. The induction conditions and 
processing of the bacterial pellet were earned out as described elsewhere ( O'Reilly, 
M.S., Boehm, T., Shing, Y., Fukai, N\, Vasios, G., Lane, W.S., Flynn, E., Birkhead, 
J.R., Olsea B.R. & Folkman, J. (1997) Cell 38:277-285). The purification of 

25 recombinant protein was performed using a Ni-NTA column in the presence of 8M 
urea as described in the QIAexpressionist manual. Briefly, the bacterial pellet was 
solubilized in "equilibration buffer" (8M urea, lOniM Tris and lOOmM sodium 
phosphate buffer pH 8.0) for one hour at room temperature. The suspension was 
sonicated 3-4 times, centrifuged at 10,000x gravity and the soluble fraction was 

30 loaded on a Ni-NTA vivo studies. EM 1 and EM 2 were purified using the Ni-NTA 
column. Non-specific proteins bound to the column were removed by an 
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equilibration buffer wash, followed by a :0 nM imidazole wash. Bound proteins 
were eluted m equilibration buffer containing 10° o giweroi and 0.2 M acetic acid. 
The purified proteins were refolded according to the method described above. 

EXAMPLE 3: EXPRESSION OF MOOSE ENDOSTATIN IN P1CHIA PASTOR1S 
5 The pPICZaA is shown in Figures 1 and 2. The sequence eneodmu mouse 

endostatin was further modified by PGR using \'en: DNA polymerase. The 
amplified fragment containing EcoVA and Notl restriction sites was subcioned into a 
predigestecl yeast expression vector. ( Figure 3 ;. The pPICZaA vector carries an 
alpha factor secretion signal sequence with a Zeocm marker for antibiotic selection. 

1 0 Initial transformation was done in the Top : 0' host strain. The resultant clones were 
screened for insert and positive clones were sequenced. The plasmid was then 
linearized with Sacl and used for homologous recombination into the veasi host 
strain GS1 1 5. The transformation was carried out by the lithium chloride method as 
described in the Pichia expression manual. The recombinants were selected bv 

1 5 plating on YPD plates containing 1 00 g 'ml of Zeocin. The clones which grew on 
YPD/Zeocin plates were tested for expression. 

The expression of mouse endostatin in large scale was carried out in 2 liter 
baffled shaker flasks. The overnight grown culture (A 6 - (0 . 2-6) was used to inoculate 
2 liter flasks. To each 2-liter flask, 500 ml of buffered glycerol medium was added. 

20 Cells were grown at 250 rpm at 30%C until A 600? 16-20 (2 days). After two days, 
the cells were centrifuged at 5000 rpm for 10 minutes. Yeast were resuspended in 
300-400 ml of buffered methanol induction medium. The supernatant containing the 
secreted recombinant protein was harvested on the second, third, and fourth day after 
induction. After the final harvest, the cell free supernatant was processed 

25 immediately. 

Pichia pastoris. a methanotropic yeast strain, has many advantages of a 
higher eukaryotic expression system: (a) the presence of alpha factor signal sequence 
facilitates secretion of the expressed protein into the medium, (b) the yeast strain 
(GSi 15) secretes only very low levels of endogenous host protein which further 

30 simplifies the purification process, and (c) there is no endotoxin contamination. The 
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vector pPICZaA was selected for expression of mouse enclostatin. Initial screening 
was used to identify yeast clones with high levels of expression. Endostatm was 
expressed as a soluble protein (20 kDa) with a peak level of expression noted on the 
second day after induction, 

5 EXAMPLE 4: PURIFICATION OF MOUSE ENDO STATIN: 
HEPARIN- AG AROSE CHROMATOGRAPHY 

Mouse endostatm binds to a heparin column through the heparin binding 
domain as reported by O'Reiliy, et al (O'Reilly, M.S., Boehim T., Shing, Y., Fukai. 
N., Vasios, G., Lane, W.S, Flynm E. ? Birkhead. J.R.. Olsem B.R. &i Folkmam J. 

10 (1997) Cell 88:277-285) Hence, a heparin-agarose column was used for purification. 
The crude supernatant containing recombinant protein was concentrated by 
ammonium sulfate precipitation (70%). The precipitated protein was dissolved in 10 
mM Tris buffer pH 7.4 containing 150 mM NaCl and dialyzed overnight at 4%C, 
with three changes at 6-8 hour intervals. The dialyzed sample was further 

15 concentrated by ultra-filtration using an Amicon concentrator (YM 1 0). A 

disposable polyprep column (Bio-Rad) was packed with heparinagarose resin and 
equilibrated with 10 mM Tris, 150 mMNaCl (pH 7.4). The concentrated sample was 
loaded on the column at a flow rate of 20 ml/hour using a peristaltic pump. The 
column was washed with equilibration buffer until the A 2S0 was O.001 . The bound 

20 proteins were eluted by a step-wise gradient of NaCl (0.3, 0.6. 1.0 and 2.0 M NAG). 
The peak fractions from 0.6 M to 1 .0 M were pooled and dialyzed against PBS pH 
7 A The concentration of protein was measured by the BCA assay ( Pierce). The 
purification process was performed in a cold room at 4%C. 

Figures 7A and 7B show the elution profile and SDS-PAGE analysis of 

25 purified protein. Two distinct peaks were obtained with increasing concentrations of 
NaCl (Figure 7A). The first peak at 0.3 M NaCl was small when compared to the 
major peak at 0.6 M NaCl. Elution with 1 M NaCl did not show a distinct peak. 
Most of the endostatin protein bound to the column as shown by the lack of the 
protein in the flow-through fraction (Figure 7B). The recombinant protein bound 

30 tightly to the column and washing with the low salt Tris buffer removed other yeast 
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der:\'ea proteins. A small amount of endostatin was elated from the column at 0.5 
M NaCi (Figure 7Bi. At 0.6 M NaC. al! the bound protein was eiuted (Figure "B j. 
The protein eluted Iron: the 0.3 M NaCl fraction had a trace amount of endostatm 
but was contaminated with other host derived high molecular weight protein. The 
5 purified protein migrated at 20 kDa. and upon reduction migrated at 22 kDa. The 
protein tractions eluted at 0.6 M NaCl alone were pooled, concentrated and dialyzed 
against PBS pH 7.4, The purified protein was further separated by FPLC usnm a 
Superose 12 size separation column. The elution profile from this column showed a 
single peak. SDS-PAGE analysis showed the presence of single discrete band 
10 corresponding to endostatin. The level of expression was estimated to be in the 

range of 15-20 mg/L culture. The recombinant protein bound to the heparin-agarose 
column and was eluted at 0.6-1 M NaCl concentration. These data surest that the 
protein expressed by the yeast was folded properly, because it had properties 
comparable to the baculovirus expressed endostatin. 

1 5 EXAMPLE 5: CLONING AND EXPRESSION OF HIS. ENDOSTATIN IN THE 
P1CHIA EXPRESSION SYSTEM 

The coding region of the mouse endostatin construct in the pET expression 
vector is preceded by a His. Tag (10 histidine residues). By DNA-PCR the coding 
region including the His.Tag sequence was shuttled into pPICZaA vector. The 

20 linearization and recombination into the yeast host strain GS1 15 were done as 
described above. The cell free medium was precipitated with ammonium sulfate 
(70% saturation). The precipitated proteins were dissolved in 50 mM sodium 
phosphate buffer pH 8.0 containing 300 nM NaCl and dialyzed in the same buffer at 
4%C following three changes at 6-8 hour intervals. A nickel agarose column 

25 (Ni-NTA) was used for purification of His. endostatin recombinant protein. The 
purification was performed as described in the QIA expressionist manual. The 
bound proteins were eluted with a step- wise imidazole gradient (10 mM. 25 mM, 50 
mM, and lOOmM). 

Tiic citation profile of I lis. endostatin from Lhe Ni-NTA column showed that 

30 the recombinant protein bound tightly to the column (Figures 8A and 8B). The yeast 
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derived host proteins in the culture supernatant did not bind to the column and were 
removed during the wash, Bound proteins were eluted by a stepwise gradient of 
imidazole (Figure 8A). The non-specificaily bound host derived proteins eluted with 
the addition of 10 mM lmdiazole. At 25 mM imidazole, a small fraction of the 
5 recombinant protein was eluted along with proteins of higher molecular weight. 
Final elution with 100 mM imidazole showed a distinct peak. SDS-PAGE analysis 
(Figure 83 j of the eluted proteins showed that the flowthrough fraction did not 
contain any endostatin, indicating that most of the protein bound to the column. 
Increasing the concentration of imidazole to 10 mM and 25 mM resulted in the 
10 elution of non-specific protein. A protein with a molecular weight of 22 kDa was 
seen at 100 mM along with a smaller amount of protein corresponding to 44-46 kDa. 
The concentration of purified protein was determined by the BCA method. The 
level of expression was estimated at 15 mg/L culture. 

EXAMPLE 6: CHARACTERIZATION OF RECOMBINANT ENDOSTATIN. 

1 5 To further characterize the recombinant protein. N-terminal microsequencing 

was carried out for seven cycles at the Harvard microsequencing facility. In 
addition, a polyclonal antiserum to mouse recombinant endostatin was raised by 
immunizing a rabbit with 1 0 micrograms of purified protein derived from the Pichia 
expression system. Recombinant endostatin expressed from bacteria and yeast 

20 system were separated on 12% SDS-PAGE, The proteins were transferred to PVDF 
membrane by semi-dry transfer (Trans-blot. Bio-Rad). The primary antiserum was 
diluted to 1 ;4000 in lx TBS buffer containing 5% non-fat dry milk. Goat anti-rabbit 
IgG/HRP conjugate was used as secondary antibody (1:5000). Immunoreactivity 
was detected by cherniiuminescence (Pierce). 

25 The sequence analysis showed that the yeast alpha factor signal peptide was 

processed and cleaved at alanine. The first seven residues (EFHTHQD) of the 
purified protein after signal peptide cleavage matched exactly the known sequence 
of endostatin protein (Rehn, M., Hintikka, E., & PihlajaniemL T. (1994) J. Biol. 
Chem. 269:13929-13935), The first two residues (EE) we 
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EX AMPLE 7: ENDOSTATIN POLYCLONAL ANTIBODIES AND WESTERN 
BLOT ANALYSIS. 

A polyclonal antibody was raises against purified mouse endostatin derived 
from the yeast expression system. The purined endostatin expressed from the 
5 bacterial and yeas: expression systems were run under reducing and nomredueine 
conditions. The s:ze of the protein estimated from the western blot ranges from 
22-24 kDa. In addition, the recombinant His. endostatin from veast and bacteria was 
probed with a Penta His. monoclonal antibody (QIAGEN. CA). The monoclonal 
antibody showed positive response only with the His. endostatin whereas native 
10 endostatin did not show any immunoreactivity. This confirmed the presence of the 
His. Tag in the recombinant protein. The antiserum did not show any cross reactivitv 
to human or mouse angiostatm. demonstrating some degree of immunoreactivity 
specific to endostatin. Immunoreactivity of the pol\ clonal antibodv was also 
observed with EM 1 and EM 2 proteins. 

15 EXAMPLE S: ENDOTHELIAL PROLIFERATION ASSAY. 

The biological activity of recombinant endostatin was determined by m viiro. 
The anti-proliferative effect of endostatin produced m the veast system was 
measured by "TT-thymidine incorporation using bovine pulmonary arterial 
endothelial cells (C-PAEj. The cells were plated in 24 well fibronectin-coated plates 

20 (10 micro grams/ml) at 12,500 cells per well in 0.5 ml DM EM containing 2% FBS. 
Alter a 24 hour incubation at 37%C, the medium was replaced with fresh DMEM 
and 2% FBS containing 3 ng/ml of bFGF (R&D Systems) with or without 
recombinant mouse endostatin. The cells were pulsed with 1 Ci of J H-thvmidine for 
24 hours. Medium was aspirated and the cells were washed three times with PBS. 

25 The cells were then solubilized by addition of 1 .5 N NAOFI (1 00 microliter/well) 
and incubated at 37%C for 30 minutes. Cell- associated radioactivity was 
determined with a liquid scintillation counter. 

A dose dependent inhibition of bFGF induced proliferation was seen with 
purified endostatin (Figure 9). The inhibition range (30-94% of control) was seen 

30 with increasing concentrations of endostatin (0. 1 micrograms/ml to 1 0.0 
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micrograms/ml). with an ED 50 value in the range of 600-700 ng/ml. A similar 
inhibitory effect on C-PAE cells was seen when His.endostatin from yeast was tested 

as described herein. 

The biological activity of recombinant endostatm expressed from the yeast 
5 system was comparable to the protein expressed from the baculovirus system with 
regard to the ED, 0 value With baculovirus derived endostatm, maximum inhibition 
was observed at 600 ng/ml or greater. The yeast derived endostatin had a ED 50 
value of 600-700 ng/ml. Also, endostatin at high doses (>100 micrcgrams/ml) did 
not inhibit the growth of the 786-0 cell line. 

10 EXAMPLE 9: ENDOTHELIAL MIGRATION ASSAY. 

To determine the ability of recombinant endostatm to block migration of 
ECV304 cells towards bFGF, a migration assay was performed using different 
concentrations of endostatin with bFGF as a stimulus. 1 2 well Boyden chemotaxis 
chambers (Neuro Probe, Inc.) were used, with a polycarbonate membrane (25 x 80 

1 5 mm PVD free. 8 pores, Poretics Corp., Livermore, CA). The non-specific binding 
of 2i-owth factor to the chambers was prevented by coating the chambers with a 
solution containing 0.5% gelatin, 1 mM CaCl 2 and 150 mM NaCl at 37%C 
overnight. ECV304 cells were grown in 10% FBS containing 5 ng/ml Dil 
(l.l'-dioctadecyl- 3,3,3\3'-tetramethylindocarbocyanine perchlorate DiIC18, 

20 Molecular Probes, Eugene, OR) overnight and washed with PBS containing 0.5% 
BSA. Following trypsinizauon, the cells were counted using a Coulter-Counter Zl 
(Luton, U.K.) and diluted to 300,000 cells/ml m Medium 199 containing 0.5% FBS. 
The lower chamber was filled with Medium 199 containing 25 ng/ml bFGF. The 
upper chamber were plated with 15,000 cells/well along with different 

25 concentrations of recombinant endostatin. Cells were allowed to migrate for 4 hour 
at 37%C. At that time, the cells on the upper surface of the membrane were 
removed with a cell scraper and the (migrated) cells on the lower surface were fixed 
in 3% formaldehyde and washed in PBS. Images of the fixed membrane were 
obtained using fluorescence microscopy at 550 nM with a digital camera and the 
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number of cells on each membrane was determined using the OPTIMAS i version 
o.v 1 • son ware. 

Addition of endostatin resulted m a dose-dependent inhibition of 
proliferation that was maximal a: 2\: micrograms ml (Figure 10"). At a concentration 
5 iess than 1 micrograms ml. marginal inhibition of migration was seen. At 10 
mierograms.mh inhibition of endothelial cell migration was 60 c o. 

EXAMPLE 10: CAM ASSAY. 

The ability o: mouse endostaun to block bFGF induced ancioaenesis in vivo 
was tested using the chorioallantoic membrane (CAM) assay. Fertilized white 

1 0 Leghorn chicken eggs (SPAFAS. Inc.. Norwich CT > were opened on 1 00 mm 2 petri 
dishes and allowed to grow until day 1 1 in a humidified incubator at 38%C. Pellets 
containing vitrogen (Collagen Biomaterials. Palo Alto. CA) at a concentration of 
U.73 mg/ml and supplemented with: a') vehicle alone: b) VEGF (250 nc/pellet); c) 
VEGF and endostatin (20 and 0.5 nncrograms/peilet. respectively): d") bFGF (50 

1 5 ng/pellet); and ej bFGF and endostatin (20 and 0.5 micrograms/pellet, respectively) 
were allowed to polymerize at 37%C for 2 hours. The pellets were placed on a 
nylon mesh and oriented on the periphery of the CAM. Embryos were returned to 
the incubator for 24 hours. Invasion of new capillaries on the collagen mesh was 
assessed by injection of FITC-dextran into the circulation of the chicken embryo. At 

20 the end of the experiment, the meshes were dissected and evaluation of vascular 
density was done using the program NIH Image 1.59. Assays were performed in 
triplicate and four independent experiments were conducted. 

Endostatin was able to suppress the angiogenic response mediated by both 
bFGF and VEGF (Figures 1 1 A and 1 IB). The inhibition was dose-dependent with a 

25 plateau at 5 micrograms/mesh. Blocking of the VEGF-response was somewhat 
more effective (47%) than the suppression of the bFGF-response (39%). In the 
CAM assay, endostatin at 20 micrograms/disc inhibited angiogenesis induced bv 
bFGF. The effect of endostatin on the C AM assay showed stronger potency on a 
molar basis than the inhibitors thrombospondin-I (35), fumagillin (AGM 1470) or 

30 antibodies against the integrm v3 (Irueia-Arispe. unpublished observations) m the 
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same assay. Our studies on endothelial cell migration are novel in providing an 
additional mechanism of action for endostatin and a new in vitro assay for its 
efficacy. 

EXAMPLE 1 1 : N E I JTPALI Z ATI ON OF ENDOSTATIN INHIBITORY EFFECT. 
5 The specificity of endostatin inhibitory effect was demonstrated bv 

neutralization studies using endothelial proliferation and CAM assays Briefly, in 
the endothelial proliferation assay, the endostatin was pre-incubated with polyclonal 
antiserum and then added to the C-PAE cells. Pre-immune serum was used as 
negative control. In addition, purified IgG was also used as a control. The cells 

10 were then pulsed with J H-thymidine for 24 hours and cell associated radioactivity 
was measured as described previously. For the CAM assay, endostatin (10 
micrograms) and antiserum (50 micrograms) were pre-incubated overnight 
end-over-end at 4%C prior to the preparation of the pellets. Controls for these 
experiments included IgG alone and preimmune serum alone. Evaluation of the 

15 angiogenic response was determined as indicated above. 

Figure 12 demonstrates that the inhibitory effect of endostatin can be 
suppressed by incubation with specific antiserum. Anti-endostatin blocked the 
suppressive effect by 95%. The pre-immune serum alone did not have a stimulatory 
effect nor did normal rabbit IgG. 



20 EXAMPLE 12: INHIBITION OF PRIMARY 786-0 TUMOR IN NUDE MOUSE 
MODEL. 

Six- to eight-week-old male beige nude mice were injected sub-cutaneously 
in the right flank with 2 million 786-0 cells in a 100 microliter volume. Tumors 
appeared approximately two weeks after implantation. Tumor size was measured 
25 using calipers and tumor volume was calculated using, a standard formula. The 

f T 1 

tumor volume ranged irom 350 mm to 400 mm . The animals were randomized 
and each group had five mice with tumor size comparable within and among the 
groups. Treatment was started with recombinant endostatin (bacterial or yeast 
versions) with each mouse receiving 10 mg/kg body weight of recombinant protein 



WO 99/29878 



PCT,0,S98/:5892 



da:: y . administered for a period often days via intra peritonea! injection. Control 
animals received PBS each day. Tumor size m ail groups was measured on alternat 
days and tumor volume was calculated. The activity and behavior of the animal,; 
were monitored during this period. The treatment was terminated on dav iO and 
:> animals were sacrificed and tumors from each mouse removed and fixed in i 0° < 
buffered formalin. 

For the mutant study, each mouse received 20 mg'kg bodv weieht of the 
protein daily for two weeks intrapentoneally. The tumor volume ranged from 
1 50-20(i mm-'. Wild type endostatin. also produced in the pET28(a) vector, was 
1 0 given at 20 mg'kg body weight for the experiment as a positive control and PBS wa 
given as a negative control. 

On the fifth day after treatment there was a difference between control (963 
mm-) and treated (endo yeast. 405 mm 3 ; endo bacteria. 442 mnrl and His.endo, 462 
mm J ). A 2.5-fold decrease m tumor volume was observed on the fifth dav after 
1 5 treatment between the controls and treated (Figure 13 A). The growth of the tumor 
was suppressed in all the treatment groups: a siower growth rate was seen compared 
to the control group. Bacterial (Kis.Tag) or yeast derived (with or without His.Tag) 
endostatin at a dose of 10 mg/kg all worked equally well. On the tenth dav after 
treatment, the tumor volume in the control animal was 1490 mm 3 , whereas in the 
0 treated group it was found to be in the range of 480-570 mm 3 (p<0.005 ). The 

administration of endostatin did not inhibit the growth of the tumor completely; but 
the growth of the tumor slowed, maintaining a marginal increase in tumor volume 
during that period. 

A second set of experiments with endostatin and mutants EM 1 and EM 2 at 
5 a dosage of 20 mg/kg body weight were tested in an RCC model. The tumor 
volumes after 1 1 days of treatment are shown in Figure 13B. Nine days after 
treatment, the difference between groups was apparent. On the eleventh day after 
treatment, the tumor volume in the control group (397 mm 3 ) is approximately twice 
the size of the two treated groups of endostatin (182 mm 3 ) or EM 1 (259 mm 5 ). 
However, on the same day, the tumor volume of the EM 2 treated group (389 mm 3 ) 
was similar to that of the control group ( 397 mm 3 ). Significance was at the 90% 
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confidence level between the EM 2 and endostatin groups and 95% confidence level 
between endostatin and control groups. Dropping the value of the largest and 
smallest tumors on day 1 1 in each group increased the confidence level to 95% 
between EM 2 and EM 1 and between EM 2 and endostatin. The EM I protein 
5 therefore, retained the native biological activity of endostatin, whereas EM 2 did not. 
The marked difference in efficacy between the two mutant endostatin proteins also 
show that endostatin and not a possible contaminant is the active molecule giving an 
anti -angiogenic effect. Moreover, the mutant protein data points to the importance 
of 8 residues (SYI VLCEE) surrounding and including the last cysteine as critical for 

1 0 endostatin activity. 

With regard to its ability to inhibit the growth of a primary tumor, 
irrespective of the source of protein either non-refolded or native protein had 
comparable inhibitory profile. Moreover, the presence of a His. Tag sequence in 
yeast derived protein did not affect the biological activity. Though there was 

1 5 significant difference in tumor volume between control and treated mice, the tumors 
in the treated group continued to grow slowly during the treatment period. On the 
tenth day after treatment, when administration of endostatin was stopped, the tumor 
grew rapidly and within a week the average size of the tumors was comparable to 
controls. In the first study with relatively large tumor volume, we were unable to 

20 induce tumor dormancy. The effects of endostatin (and its mutants) were 

subsequently tested on tumors ranging from 150-200 mm J and also increased the 
dosage to 20 mg/kg body weight. Under these conditions tumor growth was 
inhibited, although tumor dormancy was not observed. 

EXAMPLE 13: CLONING, EXPRESSION, AND PURIFICATION OF HUMAN 

25 ENDOSTATIN IN PICHIA PASTORIS 

The sequence encoding the carboxy terminal portion of human collagen 
XVIII was amplified from a human fetal kidney (HFK) cDNA library using Vent 
DNA polymerase. The primers used were: 5-TTT GAA TTC GCC CAC AGC 
CAC CGC GAC TTC CAG CCG GTG CTC CAC-3' (SEQ ID NO.: > and 5'-AAA 

30 A GC GGC CGC CTA CTT GGA GGC AGT CAT GAA GCT GTT CTC AAT-3' 
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i SEQ ID NO.: ) based on human collagen. X\'Ul secuer.ee f Oh c: u'. t ! 99- - 
Genomics 1 9:-i9--499 i. Amplification was carried ou: lor 30 cycles with the 
following parameters: 94°. i,C tor denaturation. 60° oC for annealing, and ~2°eC for 
extension, each for 1 minute. The amplified fragment cf 549 bp was run lied usin_ 
5 lhi QMquick purification ki; (Qiagen. Hilden. German;.- ). digested with EcoRl and 
\or\ (these restriction sites are underlined in the above primers). The resulting 
fragment was ligated into a pre-digested yeast expression shuttle rMasmki (pPiCZaA. 
Fig. 1). and transformed into Pichia pastoris. Positive clones were sequenced on 
both strands. Transformation, recombination and selection were carried out as 
10 described for mouse endostatin by Dhanabal er ai. i 1 999) (Cancer Research, in 

press), and in U.S. patent application. U.S.S.N.: XX XXX. XXX. "Ami-Aneioeenic 
Peptides and Methods of Use Thereof/' by Vikas P. Sukhatme. filed December 8. 
1998, the entire teachings of which are incorporated herein by reference. 

The expression of human endostatin in large scale was carried ou; in 2-liter 
1 5 baffled shaker flasks as described for mouse endostatin. and the supernatant 

containing secreted recombinant protein was processed as described by Dhanabal a 
a!, f 1999) (Cancer Research, in press.), and in U.S. patent application. U.S. S.N. : 
XX/'XXX.XXX. "Anti-Angiogenic Peptides and Methods of Use Thereof" bv Vikas 
P. Sukhatme, filed December 8. 1 998, the entire teachings of which are incorporated 
20 herein by reference. It was concentrated by 70% ammonium sulfate precioitation. 
The precipitated protein was dialyzed against 50 mM sodium phosphate buffer. pH 
7.4 containing 50 mM KaCl. The purification of human endostatin was carried out 
using a heparin-agarose column. The protein sample was loaded on the column 
using a peristaltic pump. The column was washed with 50 mM phosphate buffer 
25 containing 50 mM NaCl followed by the same buffer containing 100 mM NaCl. 
Bound proteins were eluted by stepwise elution using 0.2 M and 1 M NaCl. The 
peak fractions from the 1M NaCl elutant were pooled and dialyzed asainst PBS 
buffer (pH 7.4). Protein concentration was measured by the BCA assay (Pierce 
Chemical Co., Rockford, Illinois, USA). 
30 Initial small scale expression showed a maximum level of expression on the 

second day after induction. Endostatin was expressed as a soluble protein 20 kDa. 
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A heparin-agarose column was used for endostatin purification. Figures 14A and 
14B show the elution profile and SDS-PAGE analysis, respectively of the purified 
protein. In this study, human endostatin bound less efficiently to the 
heparin-agarose column, as compared to mouse endostatin. Hence, the binding was 
5 performed in 50 mM NaCl followed by washes at 0.1 M KaCh final elution was 
performed with 0.2 M NaCl and 1 M NaCL Two distinct elution peaks were 
observed. A 10 ml aliquot from selected fractions was used for analysis of purity of 
the cluted protein. The crude protein was relatively pure with some host-derived 
protein as contaminants. Trace amounts of protein were eluted from the column at 

1 0 0. 1 M NaCl. Protein eluted from the 0.2 M NaCl fraction also had a trace amount of 
endostatin. despite the A 280 reading, The protein eluted at 1 M NaCl was relatively 
pure and migrated on a 12% SDS-PAGE gel at 20 kDa which upon reduction 
migrated more slowly. The protein fractions eluted at 1 M NaCl alone were pooled, 
concentrated and dialyzed against PBS ? pH 7.4. This pool was further size separated 

15 using a Superose 12 column (FPLC), from which a single elution peak was obtained. 
The level of expression was estimated by the BCA assay to be approximately 10 
mg/L culture. 

EXAMPLE 14: CHARACTERIZATION OF HUMAN ENDOSTATIN 

Initial characterization of human endostatin was done by N -terminal 

20 microsequencing for eight cycles, and showed proper processing of the yeast alpha 
factor signal peptide. The first eight residues (EFAHSHRD) matched exactly the 
published sequence of endostatin protein, with the first two residues (EF ) derived 
from linker sequence. Sequencing of both the strands matched completely the 
published sequence of human collagen XVIII. The human and mouse endostatin 

25 protein show 85% identity and 93% similarity at amino acid level, demonstrating a 
high degree of homology and structural conservation (Sasaki el al (1998 ) Embo J. 
17:4249-56 ). All of the cysteine residues are completely conserved, as well. 
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EXAMPLE :5: WESTERN BLOT ANALYSIS 

The immunoreaeuvity of human endostatm to purified rabbit poXcicna: an:ibod\ 
way analyzed by western biot. Purified polyclonal antibody (IgG.) raised against 
mouse endostatm was used to evaluate its reactivity to human endostatm. The 
f polyclonal antiserum to mouse recombinant endostatm was raised bv immumzme a 
raobit with 1 0 micrograms of purified protein that was aiso derived from the Piciua 
expression system. Recombinant endostatm expressed from the yeast system was 
separated on a 12° 0 SDS-PAGE gel. The proteins were transferred to PVDF 
membrane by semi-dry transfer (Trans-blot, Bio-Rad ). The primary antiserum was 

1 0 diluted to 1 :4000 in 1 x TBS buffer containing 5% non-fat dry milk. Goat anti-rabbit 
IgG HR.P conjugate was used as a secondary antibody (1:5000). Immunoreactivitv 
was delected by chemiluminescence Pierce Chemical Co., Rockford. Illinois. USA"). 

Results show that the immunoreactive bands corresponding tc mouse and 
human endostatm. Signal detected from 300 ng of human endostatin was equivalent 

15 to 1 00 ng of mouse endostatin. The size of the protein estimated from the western 
blot was 20 kDa. No signal was seen with an antibody directed against mouse 
angiostatim Moreover, the endostatin antibody was specific to mouse and human 
endostatin and did not shown any cross-reactivity to human and mouse ansiostatin. 
demonstrating specificity to endostatin. 

20 EXAMPLE 16. EFFECT OF ENDOSTATIN ON ENDOTHELIAL CELL 
PROLIFERATION 

The ability of human endostatin to inhibit the proliferation of C-PAE cells 
was tested using J H-thymidine incorporation as described for mouse endostatm by 
Dhanabal et al. (1999) (Cancer Research, in press), and in U.S. patent application, 

25 U.S.S.N.: XX7XXX,XXX ; "Anti-Angiogenic Peptides and Methods of Use Thereof,' 
by Vikas P. Sukhatme, filed December 8. 1998, the entire teachings of which are 
incorporated herein by reference. Subsequently. HUVE and HMVE-L cells were 
used to evaluate the anti-proliferative effect of human endostatin. Human 
endothelial cells were seeded at 2 x 10 4 in 1% FCS cells per well in a 24-well plate 

30 coated with fibronectin ( 1 0 micrograms/mlj. The cells were stimulated with bFGF 
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(3 ng/ml), with different concentrations of human endostatm added at the same time. 
The cells were incubated at 37%C for 24 hours, followed by a J H-thymidine pulse of 
1 micro Ci for 24 hours. Medium was aspirated, cells washed three times with PBS ; 
and then solubilized by addition of 1.5 N NaOh (100 microliters/well) and incubated 
5 at 37%C for 30 minutes. Cell-associated radioactivity was measured with a 
scintillation counter. 

Human endostatin showed no inhibitory effect in C-PAE cells, whereas 
mouse endostatin showed a dose-dependent inhibition of these same cells. Human 
endothelial cells (HUVE and HMVE-L) were then used, and Figs. 13A and 13B 

10 show the dose dependent inhibition of bFGF-induced proliferation in the presence of 
mouse and human endostatm. For both types of cells, bFGF at 3 ng/ml was used as 
a stimulus. Each value is a mean of triplicate cultures from a representative 
experiment and error bars represent standard deviations. DNA synthesis in the 
control culture was considered as 100%. Shaded and light bars represent mouse and 

15 human endostatin, respectively. 

Mouse endostatin was less potent than human endostatin under these 
conditions. At 10 micrograms/ml, human endostatin inhibited 40% and 36% of 
J H-thymidine incorporation in HUVE and HMVE-L cells, respectively. The 
calculated ED 50 value for human endostatin in these cells was in the range of 5.0 to 

20 7.5 micrograrns/ml. The recombinant human endostatin did not inhibit the 

proliferation of the human 786-0 renal cell carcinoma cells or of the human WI-38 
fibroblasts at concentrations ranging from 0.5 micrograms/ml to 10 micrograms/ml. 

EXAMPLE 17: CELL CYCLE ANALYSIS 

HUVE and HMVE-L cells were growth arrested by contact inhibition for 48 

25 hours in complete medium. The cells were harvested by trypsinization and seeded 
into a 6-well plate coated with fibronectin (10 micrograms/ml). Each well was 
seeded with 0.2 x 10 6 cells in 1% FCS supplemented with 3 ng/ml of bFGF. For the 
dose-response study, different concentrations of human endostatin were added and 
the cells harvested at 24 hours after treatment. The cells were washed in PBS buffer 

30 and fixed in 70% ice cold ethanol. The fixed cells were rehydrated at room 
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temperature 1;t 5c minutes ir. PBS buffer containing Z"-, FCS and 0.1% Tween-ZO. 
centrifugec a: !500x g for 10 minutes and resuspended m 0.5 ml of the above buffer 
io which RNase .5 micrograms. ml; was added. RNase digestion was carried at 
"%C for ! hour, followed by staining with propidium iodide (5 micrograms mi 
The ceil? were analyzed using a Becton Dickinson FACStar Pius flow cytometer 
: Becion Dickinson. Waltham. Massachusetts. USA, For calculating the percentage 
of ceils in different phases of the cell cycic. the ModFit software was used. For the 
time course study, 10 micrograms -ml of human endostatin was added and cells were 
harvested at different time points ( i 5, 1 S. 24 and 52 hours.. For testing the 
specificity of human endostatin. the non-endothehal fibroblast cell lines IMR-90 and 
WI-5S were used in the cell cycle analysis. 

At time 0 hours. 4.5% of the "growth arrested" contact-inhibited cells were in 
S phase (Figure 16A). When the cells were stimulated with bFGF ;3 ngmil ., alone 
for 24 hours, there was a 3.5-foid increase in the percentage of cells in S phase. 
Upon treatment with 20 g'ml of endostatin. the percentage of cells in S phase was 
reduced to baseline. A dose-dependent inhibition was seen with increasing 
concentrations of endostatin (0.5 g/ml to 20 g/ml). In non-endothelial cells (IMR-90 
and WI-3S) treated with human endostatii:, the percentage of cells in S phase was 
unaffected (Figures 16B and 16C). 

In order to determine the earliest time point at which endostatin exerts its 
inhibitory effect on endothelial cells, a time course study with 10 micrograms/ml of 
human endostatin was conducted. Figure 16D shows the time course effect of human 
endostatin, and indicates that the effect of human endostatin can be seen as earlv as 
15 hours after treatment in HUVE cells. 



25 EXAMPLE 1 8: ENDOTHELIAL CELL TUBE FORMATION IN MATRIGEL* 
24-weIl tissue culture plates were coated with 0.5 ml of MATRJGEL* 
complete (Collaborative Biomedical Products, Bedford, Massachusetts, USA). The 
plate was incubated at 37%C for one hour (Gateiy eta!. (1Q96) Cancer Res. 
56:4887-90). ECV304 cells at a concentration of 5 X 10 4 in 0.5 ml of M199 

30 medium were added to the top of the gel followed by different concentrations of 
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recombinant human endostatin. The cultures were incubated for 8 to 10 hours at 
37%C in a 5% C0 0 humidified atmosphere. A representative area of the tube 
network was photographed using a Nikon camera at final magnification of 200x. 
Endothelial cell tube formation was significantly inhibited with endostatin 
5 treatment at 10 micrograms/ml. In the control cells, tube formation was continuous 
and formed a distinct, continuous, hexagonal structure without significant 
interruption. In contrast, the mean diameter of endostatin-treated tubes was smaller 
and was marked by frequent interruptions, indicating the effect of human endostatin 
on endothelial cell tube formation. 

10 EXAMPLE 19: ANNEXIN V-FITC ASSAY 

After initiation of apoptosis, most cell types translocate the membrane 
phospholipid phosphatidyiserine (PS) from the inner surface of the plasma 
membrane to the outside (van Engeland et al (1998) Cytometry 3 1:1-9; Zhang et al 
(1997) Biotechniques 23:525-31; Koopman et al (1994) Blood 84:141 5-20). PS, 

1 5 and therefore apoptosis, can be detected by staining with an FITC conjugate of 

Annexin V\ a calcium-dependent phospholipid binding protein of 38 kDa that has a 
high affinity for PS. PS can generally be detected prior to bleb formation and DNA 
fragmentation. 

Briefly, 200.000 cells were plated onto a fibronectin-coated 6-well plate in 
20 EGM medium containing 1% FCS and 3 ng/ml bFGF. Different concentrations of 
human and mouse endostatin were added to the wells, and cells were harvested and 
processed 1 8 hours after treatment. Human recombinant TNF-alpha ( 40 ng/ml) was 
used as a positive control. The cells were washed in PBS and resuspended in 
binding buffer (10 mM HEPES/NaOH, pH 7.4, 140 mM NaCh 2.5 mM CaCl 2 ). 
25 Annexin V - FITC was added to a final concentration of 100 ng/ml, and the cells 
were incubated in the dark for 10 minutes, then washed again in PBS and 
resuspended in 300 1 of binding buffer. 10 microliters of propidium iodide (PI) was 
added to each sample prior to flow cytometric analysis. Data analysis was 
performed with the standard Cell Quest software (Becton-Dickinson, Waltham. 
30 Massachusetts. USA). The quadrant settings were set so that the negative control 
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a!i0Ued Sess :han 1 ° P° 5:t:v:: > Non-endotheiia! ceils IMR-90 and WI-38. v. 
treated with human endostatm <!0 microararns m! 



ana processes as describee 



Endostarm at 10 microgram ml showed a distinct shift in Alexin 
5 Huorescer.ee intensity whh a more pronounced effect noted ,n the HMEV-L cells. 
Tne mean iluorescence intensity difference between control and treated cells was 
" gnifiCan: <P = ° 0! ] at 10 ml of endostatin. Tne shin m Iluorescence 

intensity was similar for endostatin at 10 micrograms ml and the positive control 
TXF-aipha ,40 ng.m], Concentrations of endostatin below 1 micro.ram/m! did not 
1 0 show any s.gmficam Annexin V posi.iviiv. Interesting. mo.se endostatin dici not 
snow any increase in Annexin positivity in these cells, but in C-PAE and BAE ceils, 
it showed comparable fluorescence staining as that seen m HUVE cells m the 
presence of human endostatin ,'Dhanabal e: al (1998 , ,/ Biol. Chem. .submitted). 
With regard to non-endothelial cells IMR-90 and WI-38. no annexin positivity was 
1 5 seen. Based on these results, endostatin action appears to be selective for endothelia. 
ceils. Similar data have been obtained with mouse endostatin m C-PAE cells 
iDhanabai et al. (1998 ;)./. Biol. Chem. submitted ). 

EXAMPLE 20: CELL MIGRATION ASSAY 

Previous experiments showed that C-PAE cells did not mmrate m respons- 
0 to bFGF and VEGF, so ECV304 cells were used to assess the ability of human 
endostatin to block bFGF mediated migration. The migration assay was oerformed 
using a 12-weil Bovden chemotaxis chamber (NWprobe, Inc., Cabin John. MI) 

with a polycarbonate membrane (25 x 80 mm, PVD X r 

, - i uiLtiti Corp. 

Livermore. California, USA). The non-specific binding of growth factor to the 
: chambers was prevented by coating the chambers with a solution containms 0 5% 
gelatin. 1 mM CaCl : . and 1 50 mM NaCl at 37%C overnight. ECV304 cells were 
grown in 10% FBS containing 5 ng/ml Dil (1, 

1 '-^octadecyl-3.3.3'.3'-tetramethylindoca:-boc>'anine perchlorate DilCl 8. Molecular 
Probes. Eugene. Oregon, USA) overnight and washed with PBS containma 0.5% 
BSA. Following trysinization. the cells were counted using a Coulter-Counter Zl . 
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(Luton, U.K.), and diluted to 300,000 cells/ml in Medium 199 containing 0.5% FBS. 
The lower chamber was filled with Medium 199 containing 25 ng/mi bDFD. The 
upper chamber was seeded with 15,000 cells/well with different concentrations of 
recombinant endostatin. Cells were allowed to migrate for 4 hours at 37%C. The 
5 cells on the upper surface of the membrane were then removed with a cell scraper 
and the (migrated) cells on the lower surface were fixed in 3% formaldehyde and 
washed with PBS. Images of the fixed membrane were obtained using fluorescence 
microscopy at 550 nM with a digital camera and the number of cells on each 
membrane was determined using the OPTIMAS v. 6.0 software. Each treatment was 

10 done m duplicate., and recombinant mouse endostatin was used as a positive control. 

A dose-dependent inhibition of migration was observed. In each well, the 
number of cells migrated was counted in three different areas and the average 
obtained. The results are shown in Figure 17, which is a bar graph. Each value is a 
mean from representative experiments and error bars represent standard deviations. 

15 Significant levels of inhibition were seen at 10 micrograms/ml and 5 micrograms/ml. 
At concentrations of less than 0.1 micrograms/ml, only marginal inhibition of 
migration was observed. HUVE cells were then tested under identical conditions 
which also showed a comparable response profile. In the case of HUVE cells, the 
cells were allowed to migrate for 16 to 20 hours. 

20 EXAMPLE 21 : ELISA TITER DETERMINATION FOR ANGIOSTATIK 

96- well plates were coated with 10 micrograms/ml purified angiostatin 
antigen, incubated at room temperature for 1 hour, and washed three times with 
phosphate buffered saline/0. 05% TWEEN 20. The plates were then blocked for 1 
hour at room temperature with 5% milk powder and 0.01 % BSA, then washed three 

25 times with PBS/0.05% TWEEN 20. Different dilutions of test bleed antisera were 
diluted ten-fold, and added to triplicate wells, then incubated for 1 hour at room 
temperature. They were then washed three times with PBS/0.05% TWEEN 20. and 
secondary antibody added (anti-rabbit IgG/alkaline phosphatase), and incubated at 
room temperature for 1 hour, then washed three times. Phosphatase substrate was 
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aided, and incubated for 20-30 minutes, and the absorbance read a: 405 nM Mouse 
and human angiostatin. showed roughly ecuivaien; results. 

EXAMPLE 22: EFFECT OF AXG10STATIX IX THE EXDOTHILIAL CELL 
PROLIFERATION ASSAY 

Mouse angiostatin was produced as described herein (see Figures 1 SA and 
183). The crude supernatant containing recombinant angiostatin protein was 
concentrated by ammonium sulfate precipitation (70%). The precipitated protein 
was dissolved in 50 mM sodium phosphate buffer, pH 7.4 and diaiyzed overnight at 
4 : C (three chantes at 60S h intervals.). The diaiyzed sample was further 
1 0 concentrated by ultra-filtration using an Amicon concentrator (YM 10). A Bio-Rad 
column was packed with Lysine-Sepharose 4B resin (Pharmacia. Xew Jersey) and 
equilibrated with 50 mM sodium phosphate buffer, pH 7.4. The concentrated sample 
was loaded on the column using a peristaltic pump. The column was washed with 
equilibration buffer until the A 2S0 was O.001. The column was again washed with 

1 :> 1 0 column volumes of sodium phosphate buffer, pH 7.4 containing 200 mM XaCl. 
Recombinant angiostatin protein was eluted with 0.2 m e-ammo-A- caproic acid, pH 
7.4 Fractions containing significant amount of protein as measured by absorbance 
and SDS-PAGE analysis were pooled and diaiyzed against PBS, pFI 7.4 for 24- 36 h. 
Protein concentration was measured by the BCA assay (Pierce). All the purification 

20 process was performed in the cold room (4 c C ). The recombinant protein was 
further purified by size separation on FPLC using Superdex-75 column. 

C-PAE cells were seeded at 12,500 per well on a gelatin-coated plate in low- 
serum. Cells were allowed to adhere overnight at 37%C. Spent medium was 
removed and new low serum medium containing 3 ng/ml of bFGF was added. 

25 Different dilutions of purified recombinant angiostatin was added, and incubated at 
37%C for 48 hours. The ceils were then puise-labeled with 3 H-thymidine (1 
microCi/20 microiiters/well) for 24 hours. They were then harvested, and the 
incorporation of thymidine was measured. Results are shown m Figure 20, which is 
a graph showing DNA synthesis is shown on the y-axis, and concentration of 
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angiostatin on the x-axis. DNA synthesis generally dropped with increasing 
concentrations of angiosiatin. 

EXAMPLE 23: EFFECT OF ANGIOSTATIN IN A RENAL TUMOR MODEL 

Athvmic nude mice were transplanted subcutaneously with renal tumor cell 
5 line 786-0. Approximately 5 million cells in 200 1 of phosphate buffered saline were 
inoculated in the flank of each mouse. Each tumor was allowed to reach 
approximately 200 cubic millimeters. 

About 20 micrograms of purified recombinant mouse angiostatin (1 mg/kgj 
was given to each animal intraperitoneally on a daily basis for 3 weeks. 

1 0 EXAMPLE 24: EXPRESSION OF ANGIOSTATIN IN THE PICHIA 
EXPRESSION SYSTEM 

The mouse angiostatin cDNA clone and its sequence were provided by the 
ATCC (American Type Culture Collection) clone MPL8-2000 (plasminigen 
encodma plasmid). Two primers were made from this sequence: 5-AAG AAT 
1 5 TCG TGT TGT ATC TGT CAG AAT GT-3* (SEQ ID NO.: ) and 5'-AGC GGC 
CGC CTA CCC TCC TGT CTC TGA-3' (SEQ ID NO.: ). 

The human angiostatin cDNA clone and its sequence were provided by the 
ATCC (American Type Culture Collection), clone PKSK067. Two primers were 
made from this sequence: 5-AAG AAT TCG TGT ATC TCT CAG AGT GC-3' 
20 (SEQ ID NO: ), and 5'-AGC GGC CGC CTA TTC TGT TCC TGA GTA-3' (SEQ 
ID NO: ). 

Cloning and expression of both angiostatins m the modified Pichia yeast 
expression system were done as described herein (see Figures. 21A-B). 

EXAMPLE 25: RESTIN: 
25 Isolation of carboxy terminal portion of Collagen XV: 

The following CDNA libraries were used as template for DNA-PCR. 
K562 - erthyroid library 
JMN - human mesothiolioma 
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HFK - human fetal kidney library 
- human renal eel: carcinoma 
MAB - human adult brain 
293 - control 

: Primer? corresponding to X" terminal portion of Collagen XV NC-1 domain 

''Fig. 22, and the ammo acid sequence of Restin is shown in Fim 2? ) were 
synthesized from GIBCO-BRL. 
L'pstream primer: 

TTT TTT GAA TTC ATT TCA AGT GCC A AT TAT GAG A AG CCT GCT CTG 
10 CAT TTG (SEQ ID NO: ) 
Downstream primer: 

AAG A AT GCG GCC GCT TAC TTC CTA GCG TCT GTC ATG AAA CTG TTT 
TCG AT (SEQ ID NO: ) 

DNA-PCR was carried out using standard protocols. Briefly. 1 00 ng of 

1 5 DKA from each cDNA library was used as template. The amplification conditions 
were 94 >: 1 num. 65 x 1 mm., and 72 x 40 seconds for 30 cycles. 

Tne 540 bp amplified fragment, hereafter named "RESTIN," was purified 
and digested with EcoRl and Notl Cloning of Collagen XV into the Pichia 
expression vector (pPICZaA, commercially available from In Yitrogem San Dieeo. 

20 CA) is shown schematically Figure 24. Constructs, vectors, etc. are shown in Figure 
25. The vector pPICZaA was also digested with the above restriction enzymes and 
ligated with the Restin fragment. Initial transformation was earned out with the host 
strain Top 10F\ Positive clones were sequenced to confirm the modification. The 
plasmid was then linearised with Sad enzvme and used for 

homologous 

25 recombination into the yeast host strain GS 1 1 5 via lithium chloride transformation. 
The recombination was carried out as described in the Pichia expression manual. 
The colonies were allowed to grow for two days at 30%C on YPD/Zeocm plates. 
Clones which grew on Zeocin were selected for small scale induction. The 
induction procedure was carried out as suggested by the manufacturer (In Vitro gen j. 
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EXPRESSION OF RESTIN IN PICHIA EXPRESSION SYSTEM: 

A single colony was inoculated from YPD/Zeocin into 25 ml of BMGY/Zeo 
(100 ug/mi) in a 500 ml baffled flask. The culture was grown at 30 C in a shaking 
incubator (250 lpm) until the culture reached an OD600 2-6 (approximately 16-24 
5 hours). The cells in the log phase of growth were used in a 1:100 dilution to 

inoculate a 1 -liter culture. 500 ml of BMGY medium was added, and the cells were 
grown in a 2-liter baffled flask and the culture reached an OD600 1 5-20 (2-3 days). 
The cells were harvested by centrifugation at 5000 rpm for 10 minutes at room 
temperature. The supernatant was decanted, and the cell pellet resuspended in 
1 0 300-400 ml of BMMY medium to induce expression of the recombinant protein. To 
maintain induction, 100% methanol was added to a final concentration of 0.5% 
every 24 hours. Supernatant was collected on the second, third, and fourth days after 
induction, and analyzed for protein expression by Coomassie stained SDS-PAGE. 

PURIFICATION OF RESTIN USING HEPARIN-SEPHAROSE COLUMN: 
1 5 The supernatant was concentrated by precipitation with 60-70% ammonium 

sulfate. The precipitated protein was centrifuged at 10,000 rpm for 10 min and the 
pellet was resuspended in phosphate-buffered saline and dialyzed overnight at 4%C. 
The final dialysis was done with 10 mM Tris and 50 mM NaCl, pH 7.4. A polyprep 
column was packed with 5 ml of Heparin-Sepharose (Pharmacia) resin and 
20 equilibrated with 10 mM Tris. 50 MM NaCl, pH 7.4. The concentrated crude 
protein sample was loaded in 20-30 ml batches onto the column at a flow rate of 
10-15 ml/hour. The column was washed with equilibration buffer until the 
absorbance at 280 run was < 0.00 1 . The elution of bound proteins was carried by 
step-wise gradients of NaCl (0.2M, 0.6M and 1.0 M). The elution profile failed to 
25 show T any distinct protein peal;, and when the samples were analyzed by SDS-PAGE, 
a majority of the protein did not bind to the column. Lowering the sodium chloride 
concentration and changing the pH did not change the binding profile. The 
recombinant protein did not bind to the heparin column. Hence we decided to add 
His. Tag motif to the Restin molecule at the amino terminus to simplify purification. 
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CONSTRUCTION OF HIS. TAG RESTIN RECOMBINANT PROTEIN: 

Two complementary oligonucleotides were svnthestzed cocinc iV ivs'id^ 
residues isix histidine residue at stretch), flanked by thercuRI restriction site. The 
vector pPICZaA was digested with EcoJU. Firry microliters of each primer (100 
5 - C: '° M ' %vas n:ixed and denatured £ - ^°"C for 5 mm. and cooled immediately on 
ice. The annealed primer was Heated into £cc-RI digested \ector backbone at \6%C 
overnight. The ligase was heat-inactivated at 70%C for 10 min. and the excess 
primer was removed using Glass Max purification column. The Iigated vector was 
transformed using the host strain Top 10F\ The recombinant clones were screened 
1 0 by PCR and restriction enzyme analysis. The presence of His. Tag motif was further 
confirmed by sequencing. 

The recombinant pPICZaA/His.Restin was linearized with Sad and 
recombination was carried out using the strain GS1 15 using standard protocols. 

The biological activity ofrestin was evaluated in the assays described herein. 
1 5 Figure 26 shows the activity of restin in the cell migration assay described elsewhere 
herein, and Figure 27 shows the activity ofrestin in the tumor assay describe 
elsewhere herein. 

The fragment ofrestin, Apomigren can also be produced as restin was 
produced as described herein and its biological activity evaluated using the methods 
20 described. 

EQUIVALENTS 

While this invention has been particularly shown and described with references to 
preferred embodiments thereof it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
2i> spirit and scope of the invention as defined by the appended claims. 
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CLAIMS 

What is claimed is: 

] . A method of producing a biologically active anti-angiogenic protein, or a 
biologically active mutant, fragment, derivative or fusion protein thereof, 
5 comprising: 

(a) inserting an isolated polynucleotide comprising a polynucleotide 
sequence encoding an anti-angiogenic protein, or a mutant, 
derivative, fragment or fusion protein thereof, into a yeast expression 
vector, wherein the vector contains a multiple cloning site; and 
1 0 (b) transforming an appropriate yeast strain with the vector of step (a) 

and maintaining the yeast strain under suitable conditions for the 
production of the anti-angiogenic protein, 
thereby producing a biologically active anti-angiogenic protein, or mutant, 
derivative, fragment or fusion protein thereof. 

1 5 2. The method of Claim 1 wherein the yeast strain is Pichia pastures. 

3. The method of Claim 1 wherein the expression vector comprises the 
pPICZaA vector. 

4. The method of Claim 1 wherein the biological activity is evaluated by one, or 
more of the following assays: endothelial cell migration; inhibition of tumor 

20 growth in a mammals; arrest of endothelial cells in G, phase of the cell cycle; 

or induction of apoptosis in endothelial cells. 
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5. The polypeptide encoding an aim-angiogeme nrotem wherein the 
anti-angiogeme protein, mutant, derivative, fragment or fusion protein 
thereon wherein the protein is selected from the group consisting of: 
enoostatm. angiostann or restm. or any mutants, derivatives, rragment or 

- iusion protein thereon or any combination thereof. 

6. The method of Claim 1 wherein the protein, mutant, derivative, rragment or 
fusion protein is produced at a concentration of 1 0-20 milligrams or more per 
liter of culture fluid. 

A biologically active anti-angiogenic protein, mutant, derivative, fragment or 
1 0 fusion protein produced by the method of Claim 1 . 

8. The method of Claim 1 wherein the isolated polynucleotide of step (a) 
additionally comprises a polynucleotide linker and the anti-angioeenic 
protein, mutant, derivative, fragment or fusion protein thereof produced in 
step (b) additionally comprises at least one amino acid residue resulting from 

1 3 the linker polynucleotide. 

9. The method of Claim 8 wherein the anti-angiogenic protein, mutant, 
derivative, fragment or fusion protein produced comprises two additional 
amino-terminus amino acid residues. 

IC. The protein, mutant, derivative, fragment or fusion protein of Claim 9 
10 wherein the amino acid residues are glutamic acid (E) and phenylalanine 

(F). 

11. A biologically active anti-angiogenic protein, mutant, derivative fragment or 
fusion protein produced by the method of Claim 8. 
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12, The polypeptide of Claim 8 encoding an anti-angiogenic protein wherein the 
anti-ajigiogenic protein, or mutant, derivative, fragment or fusion protein 
thereof, wherein the protein, is selected from the group consisting of: 
endostatin, angiostatin or restin. or any combination thereof. 

5 13. A composition comprising an anti-angiogenic protein, mutant, derivative, 
fragment or fusion protein produced by the method of Claim S and a 
pharmaceutical])' acceptable carrier. 

14. The method of Claim 1 wherein the vector of step (a) comprises a pPICzaA 
plasmid wherein the plasmid contains a multiple cloning site, said cloning 

10 site comprising a His. Tag motif and wherein the anti-angiogenic protein, 

mutant, derivative, fragment or fusion protein thereof produced in step (b) 
comprises a histidine tag motif. 

15. The method of Claim 1 4 wherein the yeast strain is Pichia pastores. 

15 16. The method of Claim 1 4 wherein the biological activity is evaluated by one, 
or more of the following assays: endothelial cell migration; inhibition of 
tumor growth in a mammals; arrest of endothelial cells in G, phase of the cell 
cycle; or induction of apoptosis in endothelial cells. 

1 7. The method of Claim 1 4 wherein the protein, mutant, derivative, fragment or 
20 fusion protein is produced at a concentration of 10-20 milligrams or more per 

liter of culture fluid. 



18. 



A biologically active anti-angiogenic protein, mutant, derivative, fragment or 
fusion protein produced by the method of Claim 14. 
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The polypeptide c: Claim 14 encoding an anti-angiogenic protein wherein 
the anti-angiogenic protein, or mutant, derivative, fragment or fusion protein 
tiiereoi. wherein the protein, is selected from the group consisting of: 
endostatin. angiostatm or resun. or any combination thereof. 

A composition comprising an anti-angiogenic protein, mutant, derivative, 
iragment or fusion protein produced by the method of Claim i and a 
pharmaceutical^' acceptable carrier. 

A method of using an anti-angiogenic protein, mutant, derivative, fragment 
or fusion protein produced by the method of Claim 1 to inhibit undesirable 
angiogeiiesis in a mammal comprising administering to the mammal an 
effective amount of the anti-angiogenic protein, mutant, derivative, fragment 
or fusion protein thereof 

A method of producing a biologically active anti-angiogenic protein, or a 
biologically active mutant, fragment, derivative or fusion protein thereof, 
comprising: 

fa) inserting an isolated polynucleotide comprising a polynucleotide 
sequence encoding an anti-aiigiogenic protein, or a mutant, 
derivative, fragment or fusion protein thereof, wherein the 
polynucleotide additionally comprises a linker, wherein the 
polynucleotide linker encodes at least one ammo acid, into a yeast 
expression vector comprising a pPICzaA plasmid wherein the 
plasmid contains a multiple cloning site; and 

(b) transforming a P tenia pastous yeast strain with the vector of step (a) 
and maintaining the yeast strain under suitable conditions for the 
production of the anti-angiogenic protein comprising at least one 
ammo acid residue resulting from the linker polynucleotide, 

thereby producing a biologically active anti-angiogenic protein, or a mutant. 

derivative, fragment or fusion protein thereof. 
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23. The method of Claim 22 wherein the polynucleotide encodes angiostatin, 
endostatin. re sun or mutants derivatives, fragments or fusion proteins 
thereof, or any combination thereof. 

24. A biolocicallv active anti-antiogenic protein produced by the method of 
5 Claim 22. 

25. A method of producing a biologically active anti-angiogenic protein, or a 
biologically active mutant, fragment, derivative or fusion protein thereof, 
comprising: 

(a) inserting an isolated polynucleotide comprising a polynucleotide 
] o seouenee encoding an anti-angiogenic protein, or a mutant. 

derivative, fragment or fusion protein thereof, wherein the 
polynucleotide additionally comprises a linker, wherein the 
polynucleotide linker encodes at least one amino acid, into a yeast 
expression vector comprising a pPICzaA plasmid wherein the 
1 5 plasmid contains a multiple cloning site and wherein the cloning site 

additionally comprises a histidine tag motif; and 

(b) transforming a Pichia pastous yeast strain with the vector of step (a) 
and maintaining the yeast strain under suitable conditions for the 
production of the anti-angiogenic protein comprising at least one 

20 ammo acid residue resulting from the linker polynucleotide, and 

wherein the protein additionally comprises a histidine tag motif, 
thereby producing a biologically active anti-angiogenic protein, or a mutant, 
derivative, fragment or fusion protein thereof. 



26. 

25 



The method of Claim 25 wherein the polynucleotide encodes endostatin, 
angiostatin or restin, or mutants, derivatives, fragments or fusion proteins 
thereof, or any combination thereof. 
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A biologically active ar.ii-ar.tioseric D ro-e- m- u - ■ • 

* 4W pa ' e - 1 Placed ^ tr.e method of 

Claim 25. 



A method of producing biologically active angiostatin. or a biolo,icaPv 
aCllVe mUlam - fra ^ deri ™^ or fusion protean thereof, comorisinc: 
(a> :nSeniag 3n :S ° iated P^^tide comprising a polynucleotide 

sequence encoding angiostatin. or a mutant, derivative, fragment or 
fusion protein thereof, wherein the polynucleotide additional* 
comprises a polynucleotide linker, wherein the polynucleotide linker 
encodes at icast one amino acid, into a yeast expression vector 
comprising a pPICzaA plasmid wherein me plasmid contains a 
multiple cloning site; and 

(b) transforming a Pichia pastoits yeast strain with the vector of step < a , 
and maintaining the yeast strain under suitable conditions for the 
production of the angiostatin comprising at least one ammo acid 
residue resulting from the linker polynucleotide. 

thereby producing biologically active angiostatin. or mutant, derivative, 

fragment or fusion protein thereof. 



Biologically active angiostatin produced by the method of Ch 



irn 28. 



A method of producing biologically active angiostatin, or a bioloeicallv 
active mutant, fragment, derivative or fusion protein thereof, comprising 
(a) inserting an isolated polynucleotide comprising a polynucleotide 

sequence encoding an angiostatin. or a mutant, derivative, fragment 
or fusion protein thereof, wherein the polynucleotide additional* 
comprises a linker, wherein the linker encodes at least one ammo 
acid, into a yeast expression vector comprising a pPICzaA plasmid 
wherein the P lasm,d contains a multiple cloning sue and wherein the 
cloning site additionally comprises a histidme tag motif; and 
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(b) transforming a Pichia pastous yeast strain with the vector of step (a) 
and maintaining the yeast strain under suitable conditions for the 
production of the angiostatin wherein the protein comprises at least 
one amino acid residue resulting from the linker polynucleotide and a 
histidine tag motif. 

thereby producing a biologically active angiostatin, or mutant, derivative, 

fragment or fusion protein thereof. 

31. Biologically active angiostatin produced by the method of Claim 30. 

32. A method of producing biologically active endostatin, or a biologically 
active mutant, fragment, derivative or fusion protein thereof, comprising: 
(a) inserting an isolated polynucleotide comprising a polynucleotide 

sequence encoding a endostatin, or a mutant, derivative, fragment or 
fusion protein thereof wherein the polynucleotide additionally 
comprises a polynucleotide linker, wherein the polynucleotide linker 
encodes at least one amino acid, into a yeast expression vector 
comprising a pPICzaA plasmid wherein the plasmid contains a 
multiple cloning site; and 

(b ) transforming a Pichia pastous yeast strain with the vector of step (a) 
and maintaining the yeast strain under suitable conditions for the 
production of the endostatin comprising at least one amino acid 
residue resulting from the linker polynucleotide, 

thereby producing a biologically active endostatin, or mutant, derivative, 

fragment or fusion protein thereof. 

33. Biologically active endostatin produced by the method of Claim 32. 
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A method of producing biologically active endostatin, or a biological 
ac::ve mutant, fragment, derivative or fusion protein thereof, coraprisine: 
(a.) inserting an isolated poiynucieot.de comprising a polynucleotide 

sequence encoding an endostatm. or a mutant, derivative, fragment o 
fusion protein thereof, wherein the polynucleotide additionally 
comprises a polynucleotide linker, wherein the polynucleotide linker 
encodes at least one amino acid, into a yeast expression vector 
comprising a pPICzaA plasmid wherein the plasmid contains a 
multiple cloning site and wherein the cloning site additionally 
comprises a histidine tag motif; and 

(b) transforming a Pichia pastovs yeas: strain with the vector of step (a ) 
and maintaining the yeast strain under suitable conditions for the 
production of the endostatin comprising at least one amino acid 
residue resulting from the linker polynucleotide, wherein the protein 
additionally comprises a histidine tag motif. 

thereby producing biologically active endostatm, or mutant, derivative, 

fragment or fusion protein thereof. 

Biologically active endostatin produced by the method of Claim 34. 

A method of producing biologically active restin, or a biologically active 
mutant, fragment, derivative or fusion protein thereof, comprising: 

(a) inserting an isolated polynucleotide comprising a polynucleotide 
sequence encoding an restin. or a mutant, derivative, fragment or 
fusion protein thereof, wherein the polynucleotide additionally 
comprises a linker, wherein the polynucleotide linker encodes at least 
one amino acid, into a yeast expression vector comprising a pPICzaA 
plasmid wherein the plasmid contains a multiple cloning site: and 

(b) transforming a Pichia pastous yeast strain with the vector of step (a) 
and maintaining the yeast strain under suitable conditions for the 
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production of the restin comprising at least one ammo acid residue 

resulting from the linker polynucleotide, 
thereby producing a biologically active restin, or mutant, derivative, 
fragment or fusion protein thereof. 



Biologically active restin produced by the method of Claim 3 



6. 



58. A method of producing biologically active angiostatin, or a biologically 
active mutant, fragment, derivative or fusion protein thereof, comprising: 
(a) inserting an isolated polynucleotide comprising a polynucleotide 

sequence encoding an angiostatin. or a mutant, derivative, fragment 
or fusion protein thereof, wherein the polynucleotide additionally 
comprises a linker, wherein the linker encodes at least one amino 
acid, into a yeast expression vector comprising a pPICzccA plasmid 
wherein the plasmid contains a multiple cloning site and wherein the 
cloning site additionally comprises a histidine tag motif; and 
1 ^ (b) transforming a Pichia P astous yeast strain with the vector of step (a) 

and maintaining the yeast strain under suitable conditions for the 
production of the angiostatin wherein the protein comprises at least 
one ammo acid residue resulting from the linker polynucleotide and a 
histidine tag motif. 

thereby producing a biologically active angiostatin, or mutant, derivative, 
fragment or fusion protein thereof. 

39. Biologically active restin produced by the method of Claim 38. 
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system to yeast expression without going through PCR amplification process) 
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Sequence Range : 




LC^ CAT CAG GAC TIT CAG CCA GTG CTC CAC CTG GTG GCA CTG AAC 

GTA TGA. GTA GTC CTG AAA GTC GGT CAC GAG GTG GAC CAC CGT GAC TTG 

60 65 70 75 80 S5 90 95 



50 



55 



ACC CCC CTG TCT GGA GGC ATG CGT GGT ATC CGT GGA GCA GAT TTC CAG 
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Figure 6A 
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Figure 13A 
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Figure ISA 
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Endothelial proliferation assay: AngiostatinfMouse) 
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effect of Recombinant Endcsiatin (mouse) on tumor growth 
(Renal cancer ceil line 786-0) 
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Purification of Anciostatin (Human):Lysine Sepharose colum 



Figure 21A 
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x 5 5 * 

AT T TCA AGT rjrc. ^.P^ TAT GAG AAG CCT OCT CTG CAT TTG GCT GCT CTG 

T5XTGT ToTcGG TTA ATA CTT TTG GGA CO.-. GAC GTA AAC CGA CGA GAC 
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AOX 1 

* * • ' ■ , S/S/r. 



\ > Ze3z-n 3'AOX 1 



pPICZa A 



-f1 ori 



K562 & HFK 
library 



Digest with EccR 
and Not ] 



DNA-PCR with new sets 
of primers having Eco 
Rl and Net Isites 



Clone tne amplified Restin fragment into 
pPiCZ a a vector 



5' AOX 1 



Zsocin 3'AOX 1 



MS 



pPICIaA/ Restin 



f1 cri 



5'P ACX1 



Restin 



Linearize the construct with Sac I enzyme 

Zeocin 3' AOX 1 P ?Icz ^ /Restin * 

linearized 




5'P AOX1 



AOX1 ORF 



.^^^^^^Pichia genome 
3' AOX 1 



5TAOX1 Restin 



Zeocir; 



3* AOX 1 



pPICZcx A/ 
Restin 



Figure 24 



WO 99/29878 



PCT/US98/25892 



26/28 




WO 99/29878 PCT/US98/25892 



27/2S 




Figure 26 



WO 99/29878 



2S/28 



PCT/US98/2589 




Figure 27 



.jtton on patent family members 



Patent document 
cited in search report 



Publication 
date 



PC"i,JS 98/25892 



Patent family 
member(s) 



Publication 
date 



us 


5639725 


A 


17-06-1997 


us 


5792845 


A 


11-08-1998 


AU 


692865 


B 


18-06-1998 


AU 


2461795 


A 


16-11-1995 


BR 


9507479 


A 


16-09-1997 


CA 


2188813 


A 


02-11-1995 


CN 


1149319 


A 


07-05-1997 


CZ 


9603122 


A 


14-05-1997 


EP 


0758390 


A 


19-02-1997 


HU 


76095 


A 


30-06-1997 


JP 


9512173 


T 


09-12-1997 


NZ 


285501 


A 


26-02-1998 


US 


5885795 


A 


23-03-1999 


US 


5733876 


A 


31-03-1998 


US 


5776704 


A 


07-07-1998 


ZA 


9503419 


A 


11-01-1996 



W0 9529242 



02-11-1995 



WO 


9715666 


A 


01-05-1997 


US 


5854205 A 


29-12-1998 










AU 


7466696 A 


15-05-1997 










CN 


1202932 A 


23-12-1998 










CZ 


9801177 A 


12-08-1998 










EP 


0857210 A 


12-08-1998 










NO 


981803 A 


17-06-1998 










NZ 


321356 A 


25-11-1998 


wo 


9854217 


A 


03-12-1998 


AU 


7704998 A 


30-12-1998 



US 


5885795 


A 


23 


-03- 


■1999 


US 


5861372 


A 


19 


-01- 


•1999 


US 


5837682 


A 


17 


-11- 


1998 


AU 


5579596 


A 


29 


-11- 


1996 


CA 


2219081 


A 


14 


-11- 


1996 


CN 


1195375 


A 


07 


-10- 


1998 


CZ 


9703340 


A 


15 


-04- 


1998 


EP 


0824546 


A 


25 


-02- 


1998 


HU 


9800784 


A 


28- 


-07- 


1998 


NO 


974943 


A 


18- 


-12- 


1997 


PL 


323256 


A 


16- 


-03- 


1998 



wo 


9926480 


A 


03-06-1999 


NONE 






WO 


9929855 


A 


17-06-1999 


WO 
WO 


9929878 A 
9929856 A 


17-06-1999 
17-06-1999 


WO 


9929856 


A 


17-06-1999 


WO 
WO 


9929878 A 
9929855 A 


17-06-1999 
17-06-1999 


WO 


9916889 


A 


08-04-1999 


AU 


9673998 A 


23-04-1999 



Form PCT7ISA/210 (patent (amiiy annex! (July 1992) 



International Application No. PCT/US 98/25392 



FURTHER INFORMATION CONTINUED FROM PCT/1SA/ 210 



This International Searching Authority found multiple (groups of) 

inventions in this international application, as follows: 

1. Claims: 1-27 {partially} and Claims 28- 

31 and 38 {completely} 



A method of producing a biologically active anti -angiogenic 
protein, or a biologically active mutant, fragment, 
derivative or fusion protein thereof, according to Claim 1, 
wherein a yeast expression vector is used to transform a 
yeast of the strain Pichia pastores and the anti -angiogenic 
protein produced is angiostatin. 



2. Claims: 1-27 {partially} and Claims 32-35 {completely} 

A method of producing a biologically active anti-angiogenic 
protein, or a biologically active mutant, fragment, 
derivative or fusion protein thereof, according to Claim 1, 
wherein a yeast expression vector is used to transform a 
yeast of the strain Pichia pastores and the anti-angiogenic 
protein produced is endostatin. 



3. Claims: 1-27 {partially} and Claims 36-37, 39 {completely} 

A method of producing a biologically active anti-angiogenic 
protein, or a biologically active mutant, fragment, 
derivative or fusion protein thereof, according to Claim 1, 
wherein a yeast expression vector is used to transform a 
yeast of the strain Pichia pastores and the anti-angiogenic 
protein produced is restin. 



INTERNATIONAL SEARCH REPORT 



In' attonaJ application No. 

PCT/US 98/25892 



Box 1 Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 



This International Search Report ha3 not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. [^] Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

Although claim 21 is directed to a method of treatment of the human/animal 
body, the search has been carried out and based on the alleged effects of the 
compound/ compo si tion. 



□ 



Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescnbed requirements to such 
an extent that no meaningful International Search can be earned out, spectficaJiy: 



□ 



Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is Jacking (Continuation of item 2 of first sheet) 



This international Searching Authonty found muftiple inventions in this international application, as follows: 



see additional sheet 



1 . j v J As aii required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ^ ' searchable claims. 

2. | | As ail searchable claims could be searched without effort justifying an additional fee, this Authonty did not invite payment 



of any additional fee. 



3. As only some of the required additionaJ search fees were timely paid by the applicant, this international Search Report 

' ' covers only those claims for which fees were paid, specifically claims Nos.: 



□ 



No required additional search fees were timely paid by the applicant. Consequently, this IntemationaJ Search Report is 
restneted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest j j The additional search fees were accompanied by the applicant's protest. 

j X j N° protest accompanied the payment of additional search tees. 



Form PCT/1SA/210 (continuation of first sheet (1)) (July 1998) 



I PP. QR/P^ftQ? 


C.(ConttnuaUon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 0 


Crtabon of document, wrtn irtOKcaflon, whin appropnaia, of the relevant putagei 


Relevant to ciajm No. 


E 


! WO 99 29855 A (BETH ISRAEL HOSPITAL 
;SUKHATME VIKAS P (US) ) 
17 June 1999 (1999-06-17) 

the whole document 


5,7, 
10-13, 

24,27, 
33,35 


E 


WO 99 29856 A (BETH ISRAEL HOSPITAL 
;SUKHATME VIKAS P (US) ) 
17 June 1999 (1999-06-17) 
! cited in the application 

the whole document 


5,7, 
10-13, 

XO L.SJ , 

! 24,27, 
i 37,39 


Y 


REHN M ET AL: "Primary structure if the 
alphal chain of mouse type XVIII collagen, 
partial structure of the corresponding 
gene, and comparison of the alphal(XVIII) 
chain with its homologue, the alphal(XV) 
collagen chain" 

JOURNAL OF BIOLOGICAL CHEMISTRY, 
vol. 269, no. 19, 
13 May 1994 (1994-05-13) Daaes 
13929-13935 13935, XP002099772 
ISSN: 0021-9258 
the whole document 


37,39 


T 


RAMCHANDRAN R ET AL: "Anti angiogenic 
activity of Restin, NC10 domain of human 
collagen XV: comparison to endostatin" 
BIOCHEMICAL AND BIOPHYSICAL RESEARCH 
COMMUNICATIONS, 

vol. 255. no. 255. 1999 Daaes 735-71Q 
739, XP002099774 
ISSN: 0006-291X 
the whole document 


5,7, 

10-13, 

18-20, 

24,27, 

37,39 


E 


W0 99 16889 A (B0LAN0WSKI MARK A ; SEARLE & 
CO (US); CAPAR0N MAIRE H (US); GREGORY) 
8 April 1999 (1999-04-08) 

the whole document 


5,7, 

10-13, 

18-20, 

24,27, 

37,39 



Form PCT/lSAy21 0 (contnuanori of tecond sheet) (July 1992) 



C.(ConlinuatJon) DOCUMENTS CONSIDERED TO BE RELEVANT 



in ^nai Application no 

PC i ^ US 98/25892 



Category 0 Crtation of dooument, with indication, where appropriate, of the retevam passages 



Relevant to claim No. 



X,P 



P,X 



A,P 



Y-H DING ET AL: "Zinc-dependent dimers 
observed in crystals of human endostatin" 
PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES OF USA, 

vol. 95, no. 18, September 1998 (1998-09) 
pages 10443-10448 10448, XP002100420 
ISSN: 0027-8424 
the whole document 

W0 99 26480 A (GENETIX PHARMACEUTICALS INC 
MASSACHUSETTS INST TECHNOLOGY (US)) 
3 June 1999 (1999-06-03) 



the whole document 

T. SASAKI ETAL.: "Structure, function 
and tissue forms of the C-terminal 
globular domain of collagen XVIII 
containing the angiogenesis inhibitor 
endostatin. " 
THE EMB0 JOURNAL, 

vol. 17, no. 15, August 1998 (1998-08), 
pages 4249-4256, XP002109420 
the whole document 



T. B0EHM ET AL.: "Disruption of the KEX1 
gene in Pichia pastoris allows expression 
of full-length murine and human 
endostatin. " 
YEAST, 

vol. 15, 1999, pages 563-572, XP002109421 
the whole document 

M. DHANABAL ET AL. : "Cloning, expression 
and in vitro activity of human 
endostatin. " 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH 
COMMUNICATIONS, 

vol. 258, 1999, pages 345-352, XPOO2109422 
the whole document 

J F0LKMAN: "Endogenous inhibitors of 
Angiogenesis" 

NTZ NACHRI CHTENTECHNI SCHE ZEITSCHRI FT 
vol. 92, no. 92, 1998, pages 65-82 82' 
XP002100421 
ISSN: 0027-707X 
the whole document 



7- 



5,7, 

10-13, 

18-20, 

24,27, 

33,35 



5,7, 

10-13, 

18-20, 

24,27, 

33,35 



5,7, 

10-13, 

18-20, 

24,27, 

33,35 



1-27, 
32-35 



5,7, 

10-13, 

18-20, 

24,27, 

33,35 



Form PCT/1SA/210 {continuation ol «econd »he»t) {July 1992) 



rr 'onai Application No 





PC 1/ US 98/25892 


C. ( Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 




oAt»gory 


| ^rtabon of document wrth indication, wn ere appropriate, of the neievam passages 




| Relevant to clajm No 


X,P 


j WO 98 54217 A (CHI LDRENS MEDICAL CENTER) 
i 3 December 1998 (1998-12-03) 

j 

1 the whole document 




! 5,7, 
10-13, 
18-20, 

! 24,27, 
29,31 


X 


WO 96 35774 A (CHI LDRENS MEDICAL CENTER) 
14 November 1996 (1996-11-14) 
j cited in the application 

t 

the whole document 




5,7, 

10-13, 

18-20, 

24,27, 

29,31 


A 


J.M. CREGG ET AL.: "Recent Advances in 
the expression of foreign genes in Pichia 
pastori s . " 
BIOTECHNOLOGY, 

vol. 11, August 1993 (1993-08), pages 
905-910, XP002100307 
the whole document 






P,X 


BOEHM ET AL: "Zinc-binding of endostatin 
is essential for its antiangiogenic 
activity" 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH 
COMMUNICATIONS, 

vol. 252, 1998^ pages 190-194, XPOO2100108 
ISSN: 0006-291X 
the whole document 




1-27, 
32-35 


X 


L STANDKER ET AL: "Isolation and 
characterization of the circulating forms 
of human endostatin" 
FEBS LETTERS, 

vol. 420, no. 420 1997 Danes l?Q-"m 
133, XP00210G417 
ISSN: GG14-5793 
the whole document 




5,7, 

10-13, 

18-20, 

24,27, 

33,35 


X,P 


E H0HENESTER ET AL: "Crystal structure of 
the angiogenesis inhibitor endostatin at 
1.5 A resolution" 
EMB0 JOURNAL, 

vol. 17, no, 6, 1998, pagp<; 1^5-1654 
1664, XP0G2100418 
ISSN: 0261-4189 
the whole document 

-/- 




5,7, 
10-13, 
18-20, 
24,27, 





mie naj Application No 

PCI/ US 98/25892 



C.(Continuation| DOCUMENTS CONSIDERED TO BE RELEVANT 



6 



Category 0 


Crtabon of document, wrth indication, wnere appropriate, of trie relevant pas&agea 


Rekvantto claim No. 


P,X 


FOGLER, W. E. ET AL: "Recombinant human 
Angiostatin protein expressed in Pichia 
pastoris inhibits B15BL6 melanoma in an 
experimental metastasis model." 
PROCEEDINGS OF THE AMERICAN ASSOCIATION 
FOR CANCER RESEARCH ANNUAL MEETING, 
(MARCH, 1998) VOL. 39, PP. 46. MEETING 
INFO.: 89TH ANNUAL MEETING OF THE AMERICAN 
ASSOCIATION FOR CANCER RESEARCH NEW 

H D 1 PAKK 1 01 1 T ^ T AWA 1KA MADTU 9Q ADDT! i 

1998 AMERICAN, XPOG2100109 
the whole document 


1-31 


T 


DHANABAL, MOHANRAJ ET AL: "Endostatin: 
Yeast production, mutants, and antitumor 
effect in renal cell carcinoma." 
CANCER RESEARCH, (JAN. 1, 1999) VOL. 59, 

rJfl 1 DD 1 QQ 1Q7 TCCM. Cif^nQ CA~71 

XP002100110 
the whole document 


1-27, 
32-35 


X 
Y 


O'REILLY M S ET AL: "Endostatin: an 
endogenous inhibitor of angiogenesis and 
tumor growth. " 

CELL, (1997 JAN 24) 88 (2) 277-85. JOURNAL 
CODE: CQ4. ISSN: 0092-8674., XP002100111 

cited in the application 
the whole document 


5,7, 

10-13, 

18-20, 

24,27, 

33,35 

37,39 


X 


M.S. O'REILLY ET AL.: "Angiostatin: A 
novel angiogenesis inhibitor that mediates 
the suppression of metastases by a Lewis 
Lung Carcinoma. M 
CELL, 

vol. 79, 21 October 1994 (1994-10-21), 

pages JlD-j£o, ArUUcU LdldQ 

cited in the application 
the whole document 


5,7, 

10-13, 

18-20, 

24,27, 

29,31 


X 


WO 95 29242 A (CHI LDRENS MEDICAL CENTER) 
2 November 1995 (1995-11-02) 
cited in the application 

the whole document 


5,7, ' 
10-13, 
18-20, 
24,27, 
29,31 


X 


WO 97 15566 A (CHILDRENS MEDICAL CENTER) 
1 May 1997 (1997-05-01) 

the whole document 

-/-- 


5,7, 

10-13, 

18-20, 

24,27, 

33,35, 

37,39 



Form PCT/ISA/210 (continuation of tacono thaot) (July 1992) 



PCI/ US 98/25892 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C12N15/81 C07K14/78 C12N9/68 C12N15/12 
C12N15/62 C07K16/18 C12N15/52 A61K3S/48 

Aocoroinc. to intematjopaj Parent C aJirftcafton (IPC) or to bom nanonai ciaasrficafccn and iPC 



A61K38/39 
C07K16/40 



B. FIELDS SEARCHED 



Minimum eocumentation lea/cnea (ciaMificafcon system follow*a Dy clasiifieofcon symoaii 

IPC 6 C12N C07K A61K 



Documentation searched otner than minimum Documentation to the extent that sucn docum 



ena are inc.'uaea in the fields sea/cned 



iiectromc data Daae consumed Ounng the mtemafjonal searcn (name of data base and, where oracacaj, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Clabon of document wrth indication, where appropriate, of the relevant passages 



Relevant to clajm No 



SIM, B. KIM LEE (1) ET AL: "A recombinant 
human angiostatin protein inhibits 
experimental primary and metastatic 
cancer. " 

CANCER RESEARCH, (1997) VOL. 57, NO. 7 
PP. 1329-1334. ISSN: 0008-5472., 
XP0021001Q7 
the whole document 



-/■ 



1-31,38 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



0 Special categories of cited documents : 



A* document defining the general state of the art which is not 
considered to be of particular relevance 

E' earlier document but publtshed on or after the international 
filing dale 

*L" document which may throw doubts on priority claim(s) or 
which is cried to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

'P" document published pnor to the international filing date but 
later than the pnorrty date claimed 



T later document published after the international filing date 
or pnonty date and not in conflict with the application but 
crted to unaerstand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
oannoi De considered novel or cannot be oonitdered to 
involve an mventrve step when the document is tanen alone 

'V document of particular relevance; the olaimed invention 

cannot be considered to invorve an inventive step when the 
document is combined wrth one or more other such docu- 
ment*, such combination being obvious to a person skiiied 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



16 July 1999 



Date of mailing of the international search report 



0 3. 08. 99 



Name ano majiing address of the ISA 

European Patent Office, P.S. 5818 Patentiaan 2 
NL - 2280 HV Rijswii* 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Hix, R 



Form PCT/1SA/210 (saccnd sheet) (July 1932) 



